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ADVERTISEMENT. 


T H E Committee appointed by the Royal Society to dire<ft the pub¬ 
lication of the Pbilofophical Tratifaftions, take this opportunity to 
acquaint the Public, that it fully appears, as well from the council-books 
and journals of the Society, as from repeated declarations, which have 
been made in feveral former Trarjt'iclions, that the printing of them was 
always, from time to time, the fingle act of the rclpeftive Secretaries, till 
the Forty-feventh Volume: the Society, as a body, never interefting thcin- 
felvcs any further in theirpublication,than by occafionallv recommending 
the revival of them to fornc of their Secretaries, when, front the particular 
circumflances of their affairs, the Trav/cnlions had happened for any 
length of time to be intermitted. And this feems principally to have 
been done with a view to fatisfy the Public, that their ufual meetings 
were then continued for the improvement of knowledge, and bent lit of 
mankind, the great ends of their iiril inflitution by the Royal Chattels, 
and which they have ever fitice Readily purfued. 

But the Society being-of late years greatly inlarged, and their com¬ 
munications more numerous, it was thought advifable, that a Committee 
of their members fhotild be appointed to reconfider the papeis read be¬ 
fore them, and ft left out of them fuch, as they fiiould judge molt pro¬ 
per for publication in the future Tranfaflions ; which was accordingly 
done upon the 26th of March 1752. And the grounds of their choice 
arc, and will continue to he, the importance and Angularity of the lub- 
jcfls, or the advantageous manner of treating them ; without pretending 
to anfwer for the certainty of the fails, or propriety of the reafonings, 
contained in the feveral papers fo publiflied, which muft Hill reft on die 
credit or judgment of their refpeftive authors. 
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It is Ukewife neceffary on this occaGoa to remark, that it» an efta- 
bliflied rule of the Society, to which they will always adhere, never to 
give their opinion, as a body, upon any fubjeft, cither of Nature or Art, 
that comes before them. And therefore the thanks, which are fre¬ 
quently propofed from the chair, to be given to the authors of fuch pa¬ 
pers, as are read at their accuftomed meetings, or to the perfons through 
Whole hands they receive them, arc to be confidered in no other light 
than as a matter of civility, in return for the refpeft Ihewri to the Society 
by thofe communications. The like alfo is to be faid with regard to 
the feveral projefts, inventions, and curiofities of various kinds, which 
are often exhibited to the Society ; the authors whereof, or thofe who 
exhibit them, frequently take the liberty to report, and even.to certify 
in the public news-papers, that they have met with the higheft applaufe 
and approbation,. And therefore it is hoped, that no regard will here¬ 
after be paid to fuch reports, and public notices; which in fome iaftances 
have been too lightly credited, to the dilhonour of the Society. 
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PHILOSOPHICAL 

TRANSACTIONS- 


I. An Obfervation of the Variation of Light in the Star Algol. 
In a Letter from Sir Henry C. Englefield, Bart. F. R. S- 
and S. A. to Jofeph Plants, Efq. Sec. R. S. 


Read November 6, 1783. 


H AVING been fortunate enough, from the finenefs of 
the laft night, to make a fatisfaftory obfervation of the 
variation of Algol, I k>fe no time in communicating it to the 
Society. 

The laft vifible period was June the 10th, when Mr. 
Aubert, as well as myfelf, obferved it, though imperfectly, 
Vol. LXXIV. B and 









All the following observations were made with an excellent 
nigbt-glafs, magnifying about eight times, with a field of 5°^ 
in which therefore Algol and the f were diftin&ly vifible at 
once, ' 

I firft looked out at midnight, and readily found the dar, 
though hardly vifible to the naked eye from the vapours near 
the horizon. It appeared much bigger than the f, and full as 
big again as the tt, alfo in the field at the fame time. 

At fa i h. I looked again, and faw but little difference, as 
Algol was then alfo evidently much brighter than g, I at that 
time faintly perceived’ it with with the naked eye. 

At » h. 1 o' the dar was but very little bigger than the 
diminution having gone on mod rapidly in the interval be¬ 
tween the two lad observations. Though higher above the’ 
librizou it was much lefs (if at all) vifible to the naked eye. 

At 1 h. 35' it was, I think, diminished (though but little) 
fince the former observation. It was dill, however, a very 
little larger than p, but not at all vifible to the naked eye. 

At 2 h. it was Scarce at all altered from the lad observation \ 
but, if any thing, feemed recovering its light. 

I had meant to obServe its progrefs dill further; but return¬ 
ing to the glafs it half an hour after two, clouds had luddenly. 
covered*the whole iky. 

The fa<d of the diminution of Algol is, however, fully 
confirmed (if confirmation was wanting) by this obluvation, 
aad the accuracy of the period fixed by Mr. Goodricke ascer¬ 
tained*. 
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Variation of JJghk'h tie Star Algol. j 

tained, as the phaenomenon was certainly within half an hour 
of the time fixed by Mr. Goodeicke, which, divided on eight 
periods, gives only an error of four minutes on the length of 
it; and a nearer coincidence is not to be expe&ed in a matter 
of this nature, where eftimation is the only means of deter¬ 
mining the brightnefs, and twoperfons can hardly agree within 
a few minutes, from the difference of fight. 
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il. Observations on the Obfcuration of the Star Algol, by Palitch, 
' a farmer. Communicated in a Letter from the Count de 
3 fuhl, JP. R , S. to Sir Jofeph Banks, Bart. P. R. S. 

Read November 13, 1783* 

Nov. 7, T7S3* 

SIR, Dover-Street, 

I A VAIL myfelf of the permiflion you gave me, when I 
had the honour to meet you yefterday in the Drawing-room, 
by (ending you the following lhort account, which was tranf- 
mitted to me by Mr. Canzlek, one of the Eleftor’s Libra¬ 
rians, dated Drefden the 10th of October. Palitch, a far¬ 
mer of Prolitz, a village in the neighbourhood of that Refi- 
dence, law the greateft obfcuration of Algol on the 12th of 
September, at eight o’clock, P. M. On the zd and 5th of 
October he obferved the fame phenomenon again. On the 5th 
the greateft diminution of that ftar’s liglit happened fome mi¬ 
nutes before feven, when he judged it nearly of the fize of a 
ftar of the fourth magnitude: it continued increafing in bright- 
nefs till a quarter paft ten in the evening, at which time it had 
entirely recovered its ufual brilliancy and fize. From his own 
obfervations he eftimates the period of that remarkable phaenop 
menon at 2 days 20 hours 53 minutes. 

I have the honour to be, &c. 
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III. Further Obfervations upon Algol. By the fame. 

Read January 15, 1784. 

O CT. 20th, Pal itch faw Algol nearly at its grcateft ob- 
fcuration, at 3 o’clock in the morning. 

Oft. 2 2d, near 12 P. M. he obferved it again in the fame 
Rate. 

Oil. 25th, at about 9 P. M. it appeared to him like a ftar of 
the third magnitude. He was prevented by clouds from making 
long obfervations; but as all thofe he has had opportunities to 
make, indicate a period fomewhat longer than that of 2 days 
20 h. 51' he is inclined to think that half the difference 
between that period and his own, viz. 2 .d. 20 h. 52' will 
come very near the truth. 
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3 V. Dejcriptions of the King's Wells at Sheernefs, Languard- 
Fort, and Harwich. By Sir Thomas Hyde Page, Knt. 
F. B. S ; communicated by Lieut. Gen. Rainsford, F. R. S. 


Read November 13, 1783. 

LIEUT. GEN. RAINSFORD. 


SIR, 


St. Margaret’s-Street, 
Match z8, 1783* 


I HAD the pleafure to receive your obliging letter of the 
28th ult. mentioning, that it would be fatisfa&ory to the 
Royal Society to have a defeription of the wells at Sheernefs, 
Harwich, and Languard-Fort, which were made under my 
< 3 ire£tion, whilft I commanded as Engineer at thofe places. 

I beg to acquaint you, that it will be neceffary to mention 
fome previous circumftances that occafioned thofe undertakings, 
which will rather interfere with the deferiptive part, and I fear 
intrude on the patience of the Society; but I lhall in this re- 
fpe£t hope for their indulgence, it being my wilh to explain 
the nature of the different operations as fully as poffible, that 
fimilar fituations, where water is wanted, may receive benefit 
from the experiments I have had the good fortune to fucceed 
in; and it cannot fail of affording me the higheft fatisfa&ion to 
have an opportunity of communicating this fubje& to the 
knowledge of the public through the Royal Society. 
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I have 



Sir T. K. Paoe^s Defiripthmtf the Kings mils. See. 7 
I fj*ye only further to requeft, that you will do me the ho¬ 
nour to lay the following deferiptions before Sir Joseph Banks 
and the Society j, and as you. are fully acquainted with the fub- 
jeCt, you will confer on me an ,additional favour by explaining 
the feveral parts (if retpaifite) more fully than I have done in. 
the written, account, when it is under confideration. 

I am, &c. 


Some circumftances refpedting the garrifons of Sheernefs, Land- 
guard-Fort, and the Town of Harwich, with a defeription of 
the wells which fupply water for the ufe of the troops , &c. at 
each place. 

The Mafter-generai of the Ordnance (Lord Townshend). 
in the beginning of the year 1778, recommended to his Ma-. 
jefty, that the fortifications upon the Eaflern Coaft, including^ 
Dover, Sheernefs, Landguard-Fort, and fome other places,.' 
fhould be repaired, and new works added, where they, might 
appear neceffary towards a proper ftate of defence, if a war 
with Holland, or other Northern powers, was found una¬ 
voidable. His lordfhip fore fa w the great objection to fortifica¬ 
tions, in the want of frefh water under the command of the; 
guns of our garrifons; and I liad directions accordingly to con- 
fider the fubjeCt, and report to his lordfhip and the Board of 
Oidnance any ideas that might be likely to remedy fo great a. 
defeft. 

The dock-yard and garrifon at Sheernefs were fupplied with* 
water from Chatham, at an enormous expence, near two thou- 

lamb 



8 • ' ' - ' •* ’ -T -v?. 

fiawd pburids -fer »«*#>», at oeis®@«illy from-^ueenbatouj^h, 
neither of which fupplies could be continued in cafe 0/ a fiege, 
which of courfe would be of fhort 'duration from this' circutitf* 
fiance. Some attempts had beetviMde in former titnes to ob+. 
faint water on the fpot, by finking wells, but they had failed; 
and fuccefs in fueh undertakings was at laft confidered as knpo£ 
fible, from the great difficulty they had met with in the vaft 
quantities of fea-water, that came by filtration through the 
fands into their wells, and rendered a progrefs to any con- 
fiderable depth impracticable. It is probable, that the courfe 
of the river Medway has undergone many changes, and had 
once air out-fall to the fea, near the high ground of the Ifle of 
Shepey. The docks, garrifons, buildings, &c. for a corifi- 
derable diftance into the ifiand, confequently ftand upon very 
loofe materials, which were found, upon finking the well in 
Fort Townfhend, to confift of mud, fea-beach, and quick- 
fand, nearly to the prefent depth of the river Medway, and 
admit fo ftrong a filtration of falt-water, as muft ever render 
the finking of wells exceedingly difficult. This was the fitua- 
tion in which I found Sheernefs. 

Landguard-Fort was not more eligible refpe&ing water, as a 
place of ftrength. It was, indeed, better fupplied under any 
other confideration, a pipe being laid into the place from a go6d 
fpring about two miles diftant, which furnifhed a plentiful 
quantity of water; but fuch is the difadvantage of fituation 
that, in cafe of attack, that fpring muft fail into the pofleffion 
of the enemy, and our garrifon of courfe would be deprived of 
its ufe. This was a ferious confideration and objection to a 
great extent of fortification, however eligible in other refpe&s 
the place might be. 
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Harwich 
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'M" $ war. ^th Holland, as .centrical to 

^^^^Hjichpp^aft for fuch parts of t^l.coatt ! 'ks :/ thlght he in 
dii^eTfsasS atfo,to’' cover a vei^r' ufeful Kafbbur arid ItfCreafing 
d^pfcvyapa'; his, lordfhip was feiifiblfe tif ihe waiit ofwhole- 
forae water in that neighbourhood, and gavfe particular direc¬ 
tions to e&ablifh fuch a fupply for the camp to be formed 
there, as might appear proper for the health of the troops; 
and the fubfequent orders given by General Rainsford, who 
commanded that diftrift, perfe&ty anfwered every defirable 
end, until good water was found within his camp. The inha¬ 
bitants of the town of Harwich had chiefly depended on rains 
for their fupply, the wells being in general brackifh from the 
filtration of falt-water. The neighbourhood, to many miles 
diflance, was not better furnifhed, there being only ftagnating 
water in ponds or (hallow wells, which were fupplied from the 
upper furface of the ground; and, whether rendered bad by a 
mixture of copperas, or other mineral, it was not fuch as could 
be given for the ufe of the troops with any degree of prudence 
or attention to their health, and they were, to avoid dangerous 
conferences, furnifhed with water, by General Rainsfohd’s 
order, from the oppofite fide of the Manningtree River, by 
boats employed for that purpofe, the beginning of the firft 
campaign. •„ , , 

I will.now endeavour to defcribe the experiments at each 
place, beginning with the well in Fort Town (bend at Sheer- 
nefs, which with a reference to the plans .Will, I hope, render 
the fubjed fufficiently intelligible. 


Vol. LXXIV. 
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For# 'Towqjbend, Shetrntjs 

^^RbSi ■ . W» t fifft confidered as a ttiee® efcpeif* 

'tikagt, ■ the probability, of fuccefs being much again# it; I 
ttc|W(ver thought the attempt, where a dock-yard of -great con- 
fequence to the navy was eftablilhed, fhould be made, and car¬ 
ried as for as it could, with a proper attention to oecohbmy In 
laying out the money of the public. Such was rny opinion 
fignifietl to the Mafter-general and the Board of Ordnance. T 
received an aniwer thereto, expreffive of approbation, and full 
powers to employ proper perfons, and proceed upon the 

undertaking. ' 

Tbefe previous fteps feemed highly neceflary, as in all works 
of difficulty, great confidence is as much required- as able work¬ 
men or good plans. 

The favourable opinion his Majeffy was gracioufly pleafeef to 
expreis publicly of the projeft, when he vifited Sheernefs, and 
Jaw the well, tended, very much towards its final fuccefs ; and 
the countenance and fupport of General Craig, governor of 
that garrifou, greatly promoted perfeverance Tn a Work of fuch 

difficulty. 

I employed a very ingenious man, Me. Cole, engine-maker, 
of Lambeth* as a chief perfon in this bufihefs, and received 1 
every affiftance I expelled from his experience and judgement in 
mechanics; and if is but juftice to him to exp refs, that the fuc* 
sefs of the work greatly depended on his attention and 1 the able 
affiffants, he procured from diftant parts of the kingdom. ^ 

The greateft acknowledgement is alfo due to the ability of 
Lieut. Humfhys, of the Engineers, and Mr. Marshal!, the 
Grdnance-overfcec, who were conftantly on the fpot, and car- 
^ tied 
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Harjjpony .and nMtual/!Scrtion m any 
future work of this nature, as, without an equal attention in 
«ri^f one, i!#Knil 4 greatly 49uht fuccefs, even admitting the 
Me plan fio bei» ail other refpeas ilrt&ly attended to, as 
there would be great difficulty and . danger to the lives of th? 

workmen if «*ek%.«te »•' ; , ■<. : V; 

> The work was begun the 4th of June, 1781, and fin^Vd 
the 4th of July, 178*.' 

A circle of twenty-two feet diameter was firft , marked out 
on the ground, and the (pace excavated to the depth of five 
feet; after which, pieces of wood? called ribs, upon the curve 
of a diameter twenty-one feet fpur incites, and about nine 
inches fcanding, were plaped, to form a complete circle within 
the excavated part at the bottom, above which other circles 
of the lame nature were placed, and fuppqrted by upright 
pieces of fcantlings, having (hort boards introduced by the in¬ 
tervals, which afterwards prefled upon t^e, circles .or ribs, be¬ 
tween them and the. exterior parts. Thefe, when- united, 
formed one frame oft wood ftpm t ^ ie bottom to the top, or 
rather higher than the excavated fpace, and prevented the mud 
of the upper furfoce, which was. very foft, from falling in upon 
the workmen.I In proceeding care w^s taken to pre¬ 

vent;, the finking of the befure-meittioned frame by its own 
Weight, an excavating parts only under it till another circle of 
pitcesi Hke. thei firft, called ribs, was formed*.. and uprights, 
withfboards behind, introduced. The diftatw between thefe 
circles was; iq.the firft* or upper part of the work, about three 
fpgfet but as difficulties increafed they were placed nearer, and 
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and coi*t»aii 

r _ v _■ wbodlfii^ta^ 

; .^ 3 ^c»‘^k«S^ ri ima- /; fiwS- : bei^lii»* to; 

ffe^t. ’ . “'#■''' t,( *'■ t<'S" >•!»» ’-.m .,<!j| ‘Jiitfaiir 

; ‘'^emfoh off ifce circular* frames diking hea*^ 3 * feme pud 
tbjm’W&fhbrs, Skfbfe from the’grater or lefs^uamityfr^ ifelti- 
water that came through, the fiands, Sec. and often rendered it 
imppfiible to fink under the frame more than the thkknefs of 
orfi o£ the ribs, without danger of blowing up; o» of . the Sides 
behind the wood flipping with the dreams of Water, and thereby 
forcing into the bottom of the well, which in finking through 
very wet quick-fand is much to be apprehended ;and an acci¬ 
dent of that nature would entirely deftroy the work. An at¬ 
tention to the plan will fhew at what depths the filtration of 
water was mod dangerous,afidthedifficulties at different periods, 
may be eftimated by the didsnce of the circles, formed of 
rite, from each other, and where they appear to join, it was 
ndt Without 1 th^Utmofl: efforts' b# 5 labour that the Work could 
h? carried bn. At the depth of thirty-fix feet the wood-work 
was ifinifhed, and fix feet deeper a firm foundation of hard blue 
clay difcoyered. The 1- feverar parts v of the frame werd then 
ftrengthened wherever it appeared neoeflary^* to prevent fepara* 
tiofr, and tiorefoft the immenfe 4 predSire* of’ feft mud, quick* 
faiid, and loofe fe-beach, wh^chiwete fupported by it. ■ ' ; 

‘ It mud be dbfhrVed,that the felfrwater, Irfter proceeding 
thus far, came in Vfery' fad ^through ail the joints of the fr ame, 
and that holds'Wfrb left on purpofe in certain parts to let it rw« 
into the well, thdt it might not be confined entirely lo^th* 
bottom of the work, Which, from the weight boon one part 
' ,V ' : ‘ ^ * ■ t '■ ~ “ •' Ottbfy 
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■i^,|^^ !; t%|»pt«#^;,ff thew^U dry epougb to proc^'fqrtli^, 
difficulty (earned to be overcame. The .ne^.gjw^s 
WW,*>jfi $--flffilVJApp falfrwater out; ; $itirely; to ’effect 

which* a fisRgUer‘circle was delpribed at thehpttom of the welf, 
wpoit,thob#rd ej#y already mentioned, of . the diameter of eight 
fe«t in the clear, round which a curb, arcifcular frame of 
wood, waslaid,.,and a brick (feeding, of two bricks thick in 
tarris, raifed gradually towards the top oftfieweli, whilft, as 
it proceeded upwards, the fpace between the hack of this fteeu- 
ing and the wooden frame, (fixed fix feet higher) was filled with 
good tempered clay, four, .feet thick, and carefully rammed. 
During this operation,and railing the brick-work, with the c}ay 
behind it, the water continued to run over them ihto the center 
of the well, now reduced to eight feet diameter, and was con- 
ftantly drawn out, to leave the workmen on the fides fufficiently 
dry to raife their work until they had reached the top, and confe- 
quently, as it, was water-tight, cut off the filtration from the 
fea, precautions having been taken to prevent the danger of 
blowing at the bottom*; 

The next proceeding appeared more firaple ; but great care 
was ftill neceflary to avoid .damaging the foundation of the 
works, already done, as the lead crack might have again intro- 
duqcdifihe fad*-water. A fmaller circle than the Jaft was there- 
fbt»idej 5 erifeed*; and Abs, fisr^ning circles of yvcs^h raifefi ;|htne 
fircfc within, thii. *. jM$d, otfiers, of the &mc t( forra, 

wm funk to tbedepth of eight feet below the bottom,, upon 
whhb the fevetal w<vks 4 «?dy defcribed relied. After this .a 





w^nmw wim-yww. with the ftrft mcnrionofbriek-*o*. 

ftatife prefling *‘ rfu ‘" 1 **““5^ 
iljl^diamitert. to finking lowet, fmfli curbaww®« ■ 

O will appear in the fictionof ‘ ^ l ^., 
fnpport'tMfWmg, which c*«le 4 of *w»*«*^ 
JU, laid Separately,' slid keyed into the ol *> r *_ ta 
part of the brick-work by rough pfedes offtone.flmt, &e. 
prevent a flipping or lowering of the ffi*>»«8 .£ 

Light. The work was carried on from *,, period, wnhoot 

any* material difficulty or difference in the -VW** 
very extraordinary difcoveryof a piece of a tree at «P_ 

300 feet from the top of the Welt, which it Ihewn in thepUn) 
Ltd the appearance of water at 318 feet ifcep, by a ftudl 
mixture of fand in the clay, with noting of 
and at 330 feet deep, upon boring, the whole bottom of the 
well blew up, and it war with difficulty the workmen efcaped 
the torrents of water that followed them, which waa mixed 
with a quick-fand that rofe forty feet in the bottom of the well, 
at which height it (fill remains. The water rofe m fix hours 
180 feet, and in a few days within eight feet of the top of the 
well. It has lince been carefully analyzed by a chemift, aml 
found peffe&ly good for eVery purpofe; and, it is prefumed, the 
quantity will be equal to every demand of public and fnvm 
nfoat that place, as there has been, ever fince tt was firfodif- 
covered, a constant drawing pf water, and it has hitherto been 
found iwpoflible tio lower the well more than 200 feet* there 
has confequentljr always been a depth lift ui Water of 130 feet. 
It is to be remarked, that the water is of a very, foft quality* 
anch upon being drawn, has a. degree of warmth unufuaim 

common 
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if''Oft^tt''liajjpehs at Dover Caftk)‘ffofo imprudence in 
diinldfig grelii quantities of very cold Well-Water. •" ' 1 f 
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King's iVells at Laiulgoard-Fort*. 

They were begun and finished m the year 1782. 

The peculiar fituation of this fort made it very unlikely that 
fprings of freih-water could ever be found, there being great 
reafon to thirik, that the out-fall of tlie Ipfwich and Manning- 
tree Rivers, which unite before they reach they lea, was for¬ 
merly on the Suffolk fide of the fort, but is now on the Eflex 
fide; and as the garrifon, in ancient writings, is deferibed to 
liave been built oh the Andrew’s Sand, there appeared little 
probability of any filtration of water through it, except that of 
the fea. ft, however, feemed proper to try the poflibiiity of 
finking through it, to endeavour to find ai hard bottom, fimilar 
to that difeovered at Sheemefs, freih-water being of vaff conle- 
quence to the defence of the place. The work was accordingly 
begun ; but about the fame time, in making the excavation of a 
ditch for one of the batteries, at a very few feet from the 
upper furface of the fand, a fmall quantity of freih-water was 
perceived; and it was chance that led to a difcoveiy of its 
frdhrids, from one of the labourers happening to tatfte it. The 
'■ *’ v ■ circuro fiance 
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«ifot«aftanee was reported, to me*by Mr. Roberts, the Adjutant 
Of the Works; and we, upon'examining further, found that 
t|tc quantity of water upon finking was confiderable, and that 
it .appeared perfe&ly frefh. I then ordered the well-fmkers to 
^proceed to this depth at another place, where they found a 
like appearance of good water ; and the quantity was fo great, 
as to render it very "difficult to keep the bottom of the well, at 
twelve feet deep, dry enough to link further. Every exertion 
was notwithftanding ufed, and with great labour a well was 
funk to the depth of low water mark at fpring tides, about 
‘eighteen feet from the upper furface of the fand; when, to the 
furprize of every perfon, the water that rofe from the bottom 
became, on a fudden, entirely fait. This put an end to the 
work fora time, as it feemed impoffible to penetrate deeper. I 
then confidered the matter very differently with my fir ft: idea, 
and though the impoffibility of having a deep well clearly 
appeared, there remained a profpedt of a fufficient fupply of 
good frefh water. It may now be necefiary to recoiled!:, that 
at a very few feet from the furface (eight feet) there was good 
water; that it continued in vaft quantity almoft to the fpring 
tide low-water-mark, after which the falt-water had appeared; 
I therefore directed fand to be thrown into the well, to bring it 
a little above what had been the loweji frejh-water line (twelve 
feet from the upper furface) and then drew the water out which 
had mixed. After this, the filtration into the well became again 
perfectly frefh, and in equal quantity to the firft appearance. 
This was, therefore, fixed as the greateft depth (twelve feet) 
and another well funk at forty feet diftance, with a horizontal 
brick drain, having holes left in the iides for filtration, as de- 
feribed in the plan, to colled! the water, and the bottoms of 
both wells were fecured with liard materials; that the whole 
4 fupply 
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Supply of water might be reduced to the drain, which is con- 
ftru&ed to prevent as much as poflible the mixture of land 
with the water, and is found to anfwer the delired end. This 
fuccefs arofe from various unexpected circumftances; but I am 
yet at a lofs for the caufe of the frelh water, or whence it 
comes. 

I conceive, that there is a certain diftance from the fea, upon 
every Tandy Ihore, to which the falt-water penetrates, where it 
is forced whilft the tide is at its greateft height; and that fuch 
water, when fo far preiTed into the fands, has an a£tion back 
towards the lea again, as the tide falls y and continues to have it 
until another tide makes it revert; this may account for the 
filtration of falt-water a certain way into a country; and that 
further, from probably higher furfacesy there may be frelh-water 
in the fame continuation of fands, and the feparation difco- 
verable to a degree of great accuracy; whether this aCtion of 
falt-water in the fand, by fri&ion. Can render it frelh, or of a 
lefs degree of fait, I will not pretend to judge. I prefume the 
contrary; but am even under that idea at a lofs to know how 
lo much frelh water gets into the fand at Landguard-Fort, it 
being lb entirely fepnrated from the fpring of the country. It 
is evident, upon a full confideration of the fubjedt, that the 
fea, to the height of low watery will penetrate a vaft diftance 
into a fandy country, by filtration, and to that height only , it 
having fo far a conftant preflure, and no re-a&ion ; the water, 
therefore, being once in the land, can never return by the lame 
paflage, the caufe of its entrance ftill remaining; whereas in 
the higher furfaces, the rife and fall of tides mull keep it in 
conftant movement, and the diftance of filtration will bear a 
proportion to the duration of preflure which gave it original 
motion. It is probably not fo ealy to account for a body of 
Vo l. LXXIV, D frelh- 
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ffeih-water being to tile depth of twelve feet in the fand, aticf 
in the* fame line, a few feet deeper, the water fhould be en¬ 
tirely fait, and that they do not mix together. Whether the 
greafer fpecific gravity of the falt-water is fufficient to prevent! 
a mixture with the frefh upon a higher line, I cannot venture 
to fay; but the fact of there being a reparation is beyond a 
doubt, and the depths may be afeertained to a degree of 
great accuracy. However this may be accounted for, the 
difeovery at Landguard-Fort is of very great confequence to 
the garrifon ; and there is reafon to think, that in limilaf 
fituations, where water is wanted, an attention to what has 
been already explained may be found of life. 


King's Wells at Harwich. 

They were begun the 6th of May, 1781, upon General 
Rainsfohd’s taking the command at that camp, and finifhecl 
the 29 th of September following* 

The wells in this neighbourhood, as has already been ob- 
ierved, being very lhallow, and only depending on fprings 
from the upper fuxfaces of the ground, have but little water in 
the fummer, and the quality of it is very bad. The beft of 
the old wells was in the rear of General Rainstokd’s camp, 
and was thought of at firft for the ufe of the troops; but he 
prudently declined that fupply. It was imagined, as the water 
from the upper furface was of a bad quality, that the maft 
likely way to obtain a better fpring was to fink a well from • 
higher ground, and to endeavour to penetrate through a rock 
which lay a few yards under the level of the country, although 
the operation might be tedious, upon the chance of cutting a 

fpring 
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fpring of better water, that might be unconnected with the 
land-drains. The experiment anfwered in every refpeCt, as 
there was not a drop of water found till the rock had been en¬ 
tirely cut through, when, upon finding a cofifiderable quantity 
of rhoift fand, and boring into it, a plentiful faring was dilco- 
vered, and has fupplied the troops ever fince with very good 
water. It is probable this fupply, the fpring being very power¬ 
ful, will be found equal to every demand for public and pri¬ 
vate purpofes, in the dry eft feafons. After this luccefs, as mat¬ 
ter of curiofity, an old well was made deeper, by excavating 
through the rocks, where a good fpring was alfo found ; but 
as chat well had been originally funk from law ground, a great 
deal of the bad water from the upper drains,. &e; mixes with 
it, and gives it a difagreeable tafte. 

The plans will defcribe the manner of making thefe wells 
fufficiently. I have chiefly dwelt on the descriptive part, to 
recommend* where it is apprehended any* mineral or drain from 
the upper furface of lands, by mixing in wells, may hurt the 
wafer, the fitiking from'the heights, as there are few'.coun¬ 
tries * where Very good water ‘may not be 'found, by a proper 
attention to locality in making wells. 

tfjm.ANATION Of THE PLATES. 

Tab. I, fig. i. ‘SeCtion of the King’s Well in FortTownfhcnd 
■ 1 " at'ShedrnefiL 

2. Plan of the frame and well. 

3. Section of the frame A A. 

4. Plan of the well. 

*Tab. II. X. Line of high-water mark. 

Y. Line of low-water mark. 

Z. Line of low-water fit Ipring-tides. 
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V. ExtraS of a Letter from Edward Pigott, Efq . to M. d« 
Magellan, F. R. S .; containing the Difcovery of a Comet * 


Read November 27, 17^3- 


8 I X, York, Nov. 22, 1783. 

I HAVE the pleafure of informing you, that I difcovered a 
comet on the 19th inftant, and have made the following 
obfervations on it. 


Date. 

* 7 8 3 

, 


R. A. 

0 / 

North Dect. 

• / 

Nov 19 

11 is 

- 

41 O 

3 10 

20 

10 54. 

- 

4 * 

O 

O 

4 3 * 


Nov. 21. This night I faw the comet where I expected it„ 
according to the above determinations; but could not obferve it 
with an inftrument. 

The comet looks like a nebula, with a diameter of about 
twa minutes of a degree. The nucleus being very faint, is feetv 
with fome difficulty, when the wires of the inftrument are; 
illuminated. It is not vifible with an opera glafs. 
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VI. FrojeB for a new Dhi/ion of the Quadrant. By Charles^ 
Hutton, LL.D. F. R. S. In a Letter to the Rev. Dr.. 
Mafkelvne, F. R. S. and Jfronomcr Royal. 


Head November 27, 1783. 


DEAR SIR, 


Royal Mil. Acad. Woolwich, 
Aug. 12, 1782. 


H AVING long fince thought it would be a meritorious 
and ufeful fervice, to adapt the tables of fines, tangents^ 
and fecants, to equal parts of the radius inftead of to thofe of 
the quadrant; and having frequently mentioned this project to 
you, sir, as a proper judge and promoter of all ufeful im¬ 
provements in fcience; I' now beg leave to lay before you fome 
obfervations I have thrown together on the fubjeft, with a view 
to ftimulate others, either to undertake and calculate fome part 
of fo large and painful a work, or to communicate farther hints 
for the improvement and eafier performance of it. 


I have the honour to be, &c. 


Aprojtft: 



Dr. Hutton’s Pro]eel for a 


A project for conjlruSting fines, tangents, ficants , &c. to equal 

parts rrf the radius. 

x. The arbitrary divillon of the quadrant of- the circle into 
equal parts by 6oths, which has been delivered down to us from 
the ancients, and gradually extended by fimilar fub-diviliens 
by the moderns,' among various ufes, ferves lor trigonometrical 
and other mathematical operations, by adapting to thofe divi- 
lions of the arq, certain lines exp reded in equal parts of the 
radius, as chords, fines, tangents. See. But among all the im¬ 
provements in this ufeful branch of fciencc, I have long wiflie# 
to fee a fet of tables of fines, tangents, lecants, &c. con- 
ftruclcd to the arcs of the quadrant as divided into the like, 
equal, payts of the radius as tflpfe lines themfelves. In this 
natural way, the arcs would not be ex prefled' by divifions of 
6 ,oths, in degrees, nfinutes, &c.,; but by the common decimal 
fcaleof numbers j and the. real lepgths ,of the arcs, exprefled in 
fuch common numbers, would thpn ftandoppofite their refpeCKve. 
lines, tangents,., &c, The ules, of; fuch lan alteration would 
be many and great, and are top obviqus; an,d important to need' 
pointing out or enforcing, I have therefore, had for a long 
time a great defire to commence this arduous talk; but conti¬ 
nual interruptions have hitherto prevented me from making any 
confiderable progrefs in fo defirable an undertaking. But I am 
not without hopes that home future occafion may prove more 
propitious to my ardent wilhes. It is not, however, to be ex¬ 
pected, that this work can be accomplithed by the labours of 
one perfon only; it will require rather the united endeavours 
of many. I lhall therefore explain a few particulars relative to 
my projeCl of this work, with a view to obtain from others, 

who 
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\fcho may have leifure and abilities for it, their kind afiiftance, 
either by communicating hints of improvements, or by under¬ 
taking feme part of the computations, to which they may be 
excited by their zeal for the accomplifhment of fo important a 
work, and by the extreme facility with which the calculations 
in this way are made. 

2. In the firft place then I would obferve, that I think it 
will he fufficient to print the fines, tangents, &c. to feven 
places of figures; and that therefore it will be neceffary to 
compute them to ten places, in order effedtually to feeure the 
truth of the feventh place to the neareft unit. 

3. I would afl'ume the radius equal to 100000, or fuppofe it 
to be divided into 100000 equal parts. Then it is well 
known, that the femi-circumference will be 314159-26536 
nearly, and confequently the quadrant nearly 157071/63268 
of the fame equal parts, which is lefs than 157080 by -36732, 
or nearly 4 of an unit, or nearer ^=*375, or nearer 
•3636, or hill nearer T 7 . =-3684, or hill nearer 44 ='36666 
&c. And the half quadrant, or 4 of the circle, 78539-81634 
which is lefs than 78540 by only -18366, or nearly I only of 
any of the above-mentioned fractions. 

4. The table may con fill of five or more columns; the firfl 
column to contain the regular arithmetical ferics of arcs differ¬ 
ing by unity, from the beginning, in this manner, ,1, 2, 3, 4, 5, 
&c. up to half the quadrant, the next lefs whole number 
being 78539; then for the higher numbers, or thole in the 
latter half quadrant, befides adding 1 continually, there muh 
be at the fiift added the decimal -63268, which will make all 
the numbers in this half become the exacl complements of the 
firft half, which confills of whole numbers only; and theie 
will be the lengths of the arcs. Or, in order to include the 

2 quad rental- 
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quadrants! arc 78539*81634, the fir ft column may bo conti¬ 
nued up to 78540. The fecond column to cantata the cor- 
responding degrees, minutes and feconds to the neareft Second, 
or to the true Seconds and decimals of a fecond, for the conve¬ 
nience of eafily changing the tables from the one meafure to 
tire other, or to make them anfvver to both methods; and the 
3d, 4th, 5th, &c. columns to contain the corresponding fines, 
tangents, Secants, &c. 

5. The tables may be difpofed as at prefent, namely, conti¬ 
nuing them downwards by the left-hand fide of the pages, as 
far as to the middle of the quadrant, and then returning them 
again backwards and upwards by the right-hand fide of the 
pages. 

6. In this difpofition, the numbers on the fame line, the one 

on the left and the other on the right, will be exa<ft comple¬ 
ments of each other to a quadrant, and the decimal *63268, in 
every number in the latter half quadrant, in each page, namely, 
either at the bottom of the column, or leugth-ways on th*. 
Sides of it. 1 




y. A fpecimen of the firft page of the table will therefore 
be this: • ■ 
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8. To fill up the fecond column. Since the length of the 
quadrant is 157079*63267948966, and the number of feconds 
in the quadrant is 90 x 60 x 60 = 324000; therefore, as 
157079*632 &c. : 324000 :: 1 : 2*062648062470964 = the 
number of feconds anfwering to each unit in our divifion of the 
quadrant, and which therefore being continually added will 
fill up the fecoud column. ' 

9. The number of feconds to be continually added being 2, 
and the decimal *062648062470964, which is nearly equal 
to T * T ; for T ' T is *0625 ; therefore, befides adding 2 every time, 

Vol. LXXIV. E we 
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we Muftralfo add i" more at .every 16, which will mak e 3" to 
be added at every t 6th time, and z n at every other time betides; 
but the firft time the 3" mull be added will be at the arc or 
number 8, to have them to the neareft fecond, the repetition 
of the fra&ion at the arc 8 amounting to above a fecond $ 
and then the 3" muft be added at every x 6 afterwards, viz, at 
24, 40, 56, 72, 88, 104, &c. 

xo. But befides the conftant addition of %" every time, and 
of 1 " more every 16th time, there muft be r ' more added for 
every 6753 \ time, on account of the cxcefs of the fraction 
*062648062470964 over the fra&ion *0625 or : for that 


excefs is *000148062470964 which = And the eafieft 

method of making this laft addition of I at every 6753!, will 
be to make the increale of the 1 on account of the at an 
unit fooner for every 422^; becaufe 16 is 422^ times con¬ 
tained in 6753! ; by which means the incremental units for 
the will become 1 more at that number 67531, which laft 
unit may be confidered as the increment of the former incre¬ 
ment for the Tf and fo proceed up to the quadrant; which 
will complete the fecond column of arcs to the neareft fecond 
in each number. Or this fecond column may be exactly com¬ 
puted to as many decimals as we pleafe, by adding continually 
the 2" and decimals, viz. 2*062648062470964. But at the 
middle of the quadrant, where the numbers return again up¬ 
wards by the right-hand, there will for once be to be added 
only the feconds and decimals anfwering to the arc *63268, 
viz. 1*30499618 feconds, that number being neceflary to make 
the numbers on the right-hand to be the exaft complements 
of thofe on the left. Or it will, perhaps, be proper to make 
them to the neareft unit in the 6th place of decimals. And to 

- 4 fill 
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fill up the fecood column to this degree of accuracy, add con¬ 
tinually 2-062648 feconds, but at the 9th line add 1 more, or 
2-062649, becaufe 9 times 062470964 amounts to 56223867, 
or more than half a unit at that place; and after that add x more 
than 2*062648 at every 16th line, viz. at 25, 41, 57, 73, &c. 
becaufe 16 times 062470964 amounts to ’99953542* or nearly 
1, it being only *00046458 lefs than 1. And this number 
•00046458, thus added too much, will, in 134 times adding 
it, amount to more than 06223867, the excefs of 56223867 
above 5, or half a unit, at that place; therefore at the line or 
number 2153 (or 9 + 16 x 134) which would be to have the 
1 more added, let the r be there omitted, and add it at the 
next line or 2154, the true decimals after the firftfix, for 3153 
being 499985, and for 2154 they are 562456. Continue thus 
always adding 1 more at every 16th line, except at the fol- 
lowing numbers, where the 1 muft be omitted, and added at 
the next following number; viz. 

2x53 10765 19377 2798936601 45*»3 53825162437 71033 
4314 12926 21538 30J 50 38746 47358 55970 64582 73104 
64 59 l 5 ° 7 l 23683322954090749519158131 66743 75339 
8620 17232 25844 34456 43052)51664 60276,68888 77500 

And thus proceed to the middle of the quadrant; by which 
means all the numbers will be to the neareft unit in the fixth 
or laft place. Alfo, to have a check upon thefe numbers at 
certain intervals, it may be proper to proceed in this manner: 
Firft find every 100th number, by adding its decimal *264806 
&c. verifying them at every 10th ; then find every 16th num¬ 
ber, by adding continually *002369 &c. which will alfo be 
checked and verified at every 25th addition by one of the for¬ 
mer fet of loo, for 25 times x6 make 400, ufing a proper pre- 

E 2 caution 
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caution to preferve each number true to the neareft unit hi the 

6th or laft decimal. . ' • 

fit to the decimals of the numbers in the latter half of the 
(quadrant, they will be the complements, to i, of .the corre- 
fpottding numbers in the firft half; and therefore they maybe 
all eaflly found by taking each figure from 9, and the laft from 
10. But it will be fafeft to find only every 10th decimal in this 
way, and to fillup the intermediate nine by adding, as before, 
the conftant decimal 062648; by which means they will bei 
checked and verified at every 10th number. 

11. To fill up the third column, or that of fines, as well as 
thole of tangents and fecants, it may fil'd be oblerved, that, 
tjbe old tables of thofe lines to every minute, or even to every ten 
feconds of the quadrant, cannot be of lo much ufe as it might 
ieem at firft fight; as the very near coincidence of the num¬ 
bers in the new and old divifions appear very feldom to happen. 

I find, indeed,, that our arc 1309 anfwers nearly to 45 minutes, 
that arc exceeding 45' by only -00632363 or T ^ T part of a fe- 
cond nearly, and fo in proportion for their equi multiples. But 
although this degree of coincidence may be fufficient for check¬ 
ing the corrcfponding values of the arcs in the fir ft and fecond 
columns, we are not t lie re by authorifed to confider the fine,, 
tangent, or fecant of 1309 as accurately equal to that of 45' in. 
all the fieven places of figures, but differing from it by nearly the 
-/ 4 t P art °f tb e difference correfpondiug to 1", which is about 
-V of an unit in the fines and tangents, though next to nothing 
in the fecants. This, therefore, although it makes no fenfible 
difference in this particular cafe, will caufe. a difference that 
muft not be neglected in the equimultiples- of 1309 and 45',, 
ibe fines and tangents of which, will differ by half a unit or 
3 more. 
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more, flad therefore will not be exprefted by the fame number, 
but will have fome fmali differgice in the ieventh or laft figure. 
And the fame will happen in almoft all the other arcs; fo that 
generally the lines, &c. which are ex aft for the ares in the 
firft column, will not he quite fo for thofe in thefecond, when 
expreffed in whole feconds only, fince thefe will fometimes 
differ by the part correfponding to almoft half a fecond. How¬ 
ever, in this, or any other cafe, where the difference is exaftly 
known, we may profitably make ufe of the numbers in the 
old tables for conftrufting or verifying thofe of the new, by 
taking in the proportional part of the difference. Let, there¬ 
fore, all the fines, See. of every 1309 be computed from the 
old tables, and entered in the new, by adding to the fine, Sic. 
of the correfponding multiple of 45' the like multiple of the 
T ' T part of the proportional difference for 1". This will give 
about 120 fines, &c. to ferve as a verification of the computa¬ 
tions by the more general method's. But if thefecond column 
be exaftly conftrufted with all its decimal places by the conti¬ 
nual addition of 2-06264807, the old tables may be converted 
into the new, by allowing for the odd feconds and decimals.. 
And for this purpofe it will, perhaps, be beft to ufe the large 
table of Rheticus, which contains the fines, tangents, and 
feconds, to ten places of figures for every 10", and alfo the 
differences. At leaft, fuch fines, &c. may be found in this way 
as have their feconds and decimals well adapted for the pur¬ 
pofe ; and for fuch as would be found too troublefome in this 
way, recourfe may be had to fome of the following methods. 

12. Let us now examine the expreflions for the fines, &c;. 
by infinite feries. 
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The ra^us being' i, and arc a, it is well known that the 
line is -a -> j +t4o* s - 


* gljL » _/j9-»_ 

5040 3 6 * KgP 399 *fiJo© 


cofine =1 <» 6 + 


403 40 


tf 8 - 


3 64 g'g 0,0 


a'*& c. 

a'°& c. 


tang. =* + }« J * rj^ + rh a1+ 4ti * 9 + ttUtt «“ &* 
cotang.=n -1 -}« ~ ij « 


4 7 ■*• 5 


9 3 5 5 5 


<3^ &c. 


fecant = I +-‘-t?*+■j^« 4 + -Vs tf fi + -pry* ** S+ tItUso 

cofec. -^ + |«+H 5 0 3 + 7 TiVo« 5 + 6oWo^ 7+ l4i^ tf9 &c - 

Or the fame faries are thus otherwife expreffed : 

fine i=a - - a’+— a' - —— a 7 + a 9 --—a" &c. 

2.3. 4.5 6.7. 8.9 10.11 

cofine = 1 - - <** + -i- a* - — a* + ~ a* - a'° See. 

2 3.4 5.6 7.8 9 • 10 

,.agent - . + ^ + li .■ + 111 a . + +VV'' 


cotang, aa- 1 - - *~ 


^ .3 a £ .5 

— d — —* a -*> 

15 21 


10 


7 10 * 

i% ^ 


99 


a* &c. 


fecant -1 + i a* + S± a*+^ *'+&? &c, 

2 12 150 3416 124651 

cofec. *r’+7»+ ~.a* + 3 ~a s + I 2 1 ^a 7 + ~^£?a 9 Sec. 

o 00 294 1240 25146 

where 5 *. c, cL, e. Sec. denote the preceding co-efficients. And 
hence, With the help of the table of the firft ten powers of 1 
the firft 100 numbers, in p. 101. of my tables of powers pub- 
lilhed by order of the Board of Longitude, may be eafily 
found the fines, &c.of all arcs up to 100, by only dividing thofe 
powers by their refpe&ive co-efficient 3 , as alfo of all multiples 
of thefe arcs by 10, 100, Sec. by only varying the decimal 
points in the feveral terms, as the figures will be all the fame: 

and 
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«ad thus a number of primary fines, &c. may be found, to 
check or verify the fame when computed by other methods. By 
this method will be found the fines, &c. of the arcs 

i, 10, ioo, 1000, 10000, 100000; 

Zf , 30 , 2CO, 2000, 20000 ; 

3, 30, 300, 3000, 30000; 

4, 40, 400, 4000, 40000 ; 

&c. till 

99, 990, 9900, 99000, 990000; 

13. Again, it is evident, that, of the terms in the feries for 
the fine, the firft term a alone will give the fine true to the 
neareft unit in the ninth place in the firft 144 fines, or the arc 
and fine will be the fame for nine places as far as the arc 144; 
but they will agree to the neareft unit in the feventh place as 
far as the arc 669 ; after which the fecond tetm of the feries 
muft be included. 

14. When the fecond term is taken in, thefe two terms 
a - 4 a 3 will give the fines true to the neareft unit in the ninth 
place till the arc becomes 3500. Now the numbers in my 
table of cubes (juft publifhed by order of the Board of Longi¬ 
tude) extend to 10000, and therefore all the above cubes are 
found in it; confequently taking the fixth part of thofe cubes, 
and fubtrafting it from the correfponding arcs, the remainders 
will be the fines of thofe arcs, as far as till the arc be 3500 : 
after which the third term of the feries may be taken in, or 
other methods may be ufed. 

13. But fince, for any ate a, this is a general theorem, viz. 
a$ radius ; a cof. a fin. na .: fin.n-i x a + fin.« + 1 x a; tak¬ 
ing 4= 1, radius, 19000, the fine of a will be 1 -*00000000004. 
and the cofine of a will be 100000-*000005, and the 

above 
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fcbove proportion will become 100000 : 200000 - *00001 , or 
l» a -■ *0000000001 :: fin.» : fin. n ■ - 1 * 4 * fin. » +1; confc- 

tjuently fin. » - 1 + fin. n + 1 is = 2 fin. ». - 000000000 .1 

fin. n, and the fines are in arithmetical progrefiion except 
only for the fmall difference of *0000000001 fm.», hence 
fin.« + 1 is = 2 - -oooooooooi x fin.» - fin.w - 1; and there¬ 
fore taking n fuccefiively equal to 1, 2, 3, 4, &c. the feries 
of lines will be as follows: 

fin. 1 = 1- *0000000000^; 
fin. 2 ='2 -*0000000001 x fin. x j 
fin. 3 = 2- *0000000001 x fin. 2 - fin. 1; 

fin. 4 = 2- *0000000001 x fin. 3 - fin. 2; 

fin. 5 = 2- -oooooooooi x fin. 4 - fin. 3; 

&c. ^_ _ 

And by this theorem, viz. fin. h+ 1 = 2 - -oooooooooi x fin. 

n — fin. n — if may be eafily filled up the intervals between 
thofe primary numbers mentioned in former articles. 

16. In like manner, as radius: 2 cof. a :: cof. na : cof. n- 1 . a 
+ cof. n + 1 . a ; and hence this theorem, cof. n 4- 1 = 
2 ’oooooooooi x cof. cof. n- x, by which the cofines 
will be all eafily filled up. And thefe two theorems for the 
fines and cofines are fo eafy and accurate, that we need not 
have recourfe to any other, but only to check and verify thefe at 
certain intervals, as at every 100th number, by a proportion from 
Rheticus’s canon, as mentioned at art. 11. or by any other way. 

17. The fines and cofines being complcated, the difference 
between the radius and cofine will be the verfed fine; the dif¬ 
ference between radius and fine will be the co-verfed fine; and 
4 the fum of the radius and cofine will be the fup. verfed fine. 


18, From 
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18. From the lines and cofines alio, the tangents, cotan* 
gents, fecants, and cofecants, may be made by thefe known 
proportions, viz. as ' 

i 1. cofine : radius t: line : tangent, 

2. fine : radius :: cofine : cotangent, 

3. cofine : radius :: radius : fecant, 

4. fine : radius:: radius : cofecant, 

5. radius : fine :: lecant : tangent, 

6 . radius : cofine :: cofecant : cotangent, 

7. tangent : radius :: radius : cotangent. 

Wherefore, the reciprocal of the cofine will be the fecant; the 
reciprocal of the fine, the cofecant; the quotient of the fine by 
the cofine, the tangent; and the quotient of the cofine by the 
fine, the cotangent; or the produd of the fine and fecant will 
be the tangent, and the produd of the cofine and cofecant, 
the cotangent; or, laltly, the reciprocal of the tangent is the 
cotangent; proper regard being had to the number of decimals, 
on account of our radius being 100000 inftead of 1 only. 

And thefe are to be ufed when the application happens to 
be eafier than the general feries, and cafier than by propor¬ 
tion from Rheticus’s canon. 

But there are other particular theorems, which, by a little 
addrefs, may be rendered more expeditious than any of the; 
former: thus, 

. 19* In any two arcs this is a general proportion, . 

As the difference of their fines : 

to the fum of their fines :: 

fo tangent of half the difference of the arcs: 

1 to tangent of half their fum. 

So that by taking continually the arcs, having the common 
difference 2, the third term of this proportion will be 1, and 
the fourth term will be found by dividing the fum of the fines 

•**-- ' wm p by 
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by their difference, which divifor or difference will never con- 
fill of more than four or five figures, viz. about half the num¬ 
ber of figures that are in the divifors mentioned in the pre¬ 
ceding article. 

io. Again, As the difference of the cofines : 

, to the fum of the cofines :: 
fo tangent of half their difference ; 
to tangent of half their fum. . 

And thus the cotangents will be found by dividing the fum of 
the cofines of two arcs, differing by 2, by their fmall difference,. 

21. Alfo the fecant of an arc is equal to the fum of its tan¬ 
gent and the tangent of half its complement; and the. cofe- 
cant of an arc is equal to the fum of its cotangent and the tan¬ 
gent of half the arc ; or half the fum of the tangent and 
cotangent is equal to the cofecant of the double arc. From 
whence the fecants and cofecants will be eafify made. 

22. Thus I have pointed out methods by which the whole 
tables may be readily conftru&ed. Should any other ufeful 
methods or improvements occur to any perfon, the communi¬ 
cation of them to me will be thankfully received. I am now 
engaged in making fome of the computations ; and it is hoped, 
that the facility of them, with the defireablenefs of the tables, 
will induce fome ingenious lovers of the mathematics to lend 
their aid in performing fome part of the work. Should any 
fuch be fo inclined, before he begins, I muff: requeft he will be 
pleafed to fignify his intention to me, that I may point out to 
him fuch parts of the work as have not before been performed 
Or undertaken, to prevent the chance of lofing his labour by 
re-computing any part? that may have been already executed 
by coyfelf or others. 

CH4HUB HviTOK. 

F 55 ? ( 
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Vtt On the Meant df difcovering the Dijlance, Magnitude, &c. 
of the Fixed Stars, in confequence of the Diminution of the 
Velocity of their Light, in cafe Jucb a Diminution Jhould be 
found to take place in any of them, and jucb other Data Jhould be 
procured from Obfervations, as would be farther necejfary for 
that Purpofe. By the Rev. John Michell, B. D. F. R. S. 
In a Letter to Henry Cavendifh, Efq. F. R. S. and A. S. 


Read November 27, 1783. 


#SA* Silt, Thornhill, 1 % 26, ifig. 

T HE method, which I mentioned to you when l was lad 
in London, by which it might perhaps be poffible to 
find the diftance, magnitude, and weight of feme of the fixed 
fiats, by means of the diminution of the velocity of their 
light, occurred to me foon after I wrote what is mentioned by 
Dr. Priestley in his Hiftory of Optics, concerning tire di¬ 
minution of the velocity of light in confequence of the attrac* 
ijpn of the fun; but the extreme difficulty, and perhaps im- 
poffibility, of procuring the other data neceffary for this pur¬ 
pofe appeared to me to be fuch objections agairift the fcheme, 
when l .ficft thought of it, that I it then no farther confi¬ 
de*® tion. As.femeJate obferyatiqns, however, begin to give 
fis a little mem chance of procuring foqaeat ljeaft of tbefe data, 
1 thought it would not be amifs, that oftronomersdhould be 
apprized of the method, I propofe (Which, as far as I know, 

'F a has 
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has not been fuggefted by any one elfe) left, for want of being 
aware of the ufe, which may be made of them, they Ihould 
m%led to mtlke the proper obtervations, when in their power f 
| (ball therefore beg the favour of you to prefent the following 
paper on this lubje# to the Royal Society. 

I am, &c. 


THE very great number of liars that have been dilcovered 
to be double, triple, &c. particularly by Mr. Herschel *, if 
we apply the doftrine of chances, as I have heretofore done in 
my “ Enquiry into the probable Parallax, &c. of the Fixed 
“ Stars,” published in the Philolophical Tranfa&ions for the 
year, 1767, cannot leave a doubt with any one, who is properly 
aware of the force of’ thole arguments, that by far the greateft 
part, if npt all of them, are lyftems of liars fo near to each 
other, as probably to be liable to be affedted fenlibly by their 
•mutual gravitation ; and it is therefore not unlikely, that the 
-periods of the revolutions of lome of thele about their princi¬ 
pals (the fmaller ones being, upon this hypotheCs, to be con- 
lidered as fatellites to the others) may fome time or other be 
dilcovered. 

2. Now the apparent, diameter of any central body, round 
which any other body revolves, together with their apparent 
diftance from each other, and the periodical time of the revolv- 

* See his Catalogue of Stars of this kind, publiflted in the Philofophical Trent' 
arfions for fhe year 1782, which-is indeed a moft valuable prefent to the agrono¬ 
mical world. By a happy application of very high mngnifyiug powers to hie 
telefcopes, and by, a m$& perfcvering induflry in obfcrviug, he has made a very 
wonderful progrefs in this;branch of aflronomy, in which almoft nothing of any 
confcquence had been done by any one before hint. ' ’ ' 

ing 



^ , Diftanct, ' WtVefibrTheedf^/ii■ &c. 37. 

i«g body beiiig given, the denffty of the cetitotal %ody will &* 
giy^n likewife., See Sir Isaac Newton VPrin. b. III. pr. vui.* 
co^. 1 1 . • ! • ' J 

3. But the detjftty of any central body being given, and the 
velocity any other body would acquire by falling towards it 
from an infinite height, or, which is the fame thing, the velo¬ 
city of a cornet revolving in a parabolic orbit, at its furface, 
being given, the quantity of matter, and con&qtfently -the 
real magnitude of the central body, would be given Ukewife. 

4. Let us now fuppofe the particles of light to be attracted 
in the fame manner as all other bodies with which we are ac¬ 
quainted ; that is, by forces bearing the fame proportion to 
their vis inertia, of which there can be no reafonable doubt, 
gravitation being, as far as we know, or have any realbn to 
believe, an univerfal law of nature. Upon this fuppofition 
then, if any one of the fixed ftars, whofe denfity was known 
by the above-mentioned means, fhouldbe large enough feniibly 
to aifed the velocity of the light ifluing from it, we fhould 
have the means of knowing its real magnitude, &c. 

5. It has been demon fixated by Sir Isaac Newton, in the 
39th propofition of the fir ft book of his Principia, that if a 
right line be drawn, in the direction of which a body is urged- 
by any forces whatfoever, and there be ereded at right angles* 
to that line perpendiculars every where proportional to the 
forces at the points, at which they are ereded refpedively, -the 
velocity acquired by a body beginning to move from reft, in- 
confequence of being fo urged, will always be proportional to 
the fquare root of the area deferibed by the aforefaid perpendi¬ 
culars. And hence, 

6. If fuch a Bpdy, inftead of beginning to move from reft, 
had already fonie velocity in the diredion of the fame line,; 

when. 
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when it began to be urged by the aforefald forces, its velocity 
would then be always proportional to the fquare root of the" 
ftim or difference of the aforefaid area, and another area, whole 
fquare root would be proportional to the velocity which the 
body had before it began to be fo urged; that is, to the fquare 
root of the fum of thofe areas, if the motion acquired was in 
the fame direction as the former motion, and the fquare root of 
the difference, if it was in a contrary diredion. See cor. a. to 
the abovefaid propofition. 

7. In order to find, by the foregoing propofition, the velo¬ 
city which a body would acquire by falling towards any other 
central body, according to the common law of gravity, let C in 
the figure (tab. III.) reprefent the centre of the central body, to¬ 
wards which the failing body is urged, and let CA be a line drawn 
from the point C, extending infinitely towards A. If then the 
line RD be fuppofed to reprefent the force, by which the fal¬ 
ling body would be urged at any point D, the velocity which.it 
would have acquired by falling from an infinite height to the 
place D would be the fame as that which it would acquire by 
falling from D tp C with the force RD, the area of the infi¬ 
nitely -extended hyperbolic fpace ADRB, where RD is always 
inverfely proportional to the fquare of DC, being equal to the 
eedaijgle RC-contained between the lines RD and CD. From 
hence -we may draw the following corollaries. 

8. Cor. 1. The central body DEF remaining the fame, and 
Confequantly the forces at the fame diftances remaining the 
fame likewife, the areas of the redangles RC, rC will always 
be inverfely as the diftaaces of the points D, d from C, their 
fides RD, rd being inverfely in the duplicate ratio of the fides 
CD, C d: and therefore, becaufe the velocity of a body falling 

an-infinite height -towards the point C, is always in the 

fob- 
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ffub*dupKcate ratio of theie rectangles, it will be in the fub- 
dupticate ratio of the lines CD, Cd inverfely. Accordingly the 
velocities of comets revolving in parabolic orbits are always in 
the fub-duplicate ratio of their distances from the fun in- 
verfely; and the velocities of the planets, at their mean pit¬ 
tances (being always in a given ratio to the velocity of fueh 
comets, Wa. in the fub-duplicate ratio of i to a) trnjft ncceffa- 
rily obferve the fame law likewife. 

9. Cor. 2. The magnitude of the central body remaining 
the fame, the velocity of a body falling towards it from an 
infinite height will always be, at tbe fame diftance from the 
point C, taken any where without the central body, in the 
fub-duplicate ratio of its denfity; for in this cafe the diftance 
Qd will remain the fame, the line rd only being increafed or 
diminifhed in the proportion of the denfity, and the redangle 
rC confequently increafed or diminifhed in tbe fapie proportion. 

to. Cor. 3, The denfity of the central body remaining the 
fame, the velocity of a body falling towards it from an infinite 
height will always be as its femi-diameter, when it arrives at 
the fame proportional diftance from the point C; for the 
weights, at the fur faces of different fphaeres of the fame denfity 
are as their refpective femi-diameters; and therefore the fide* 
RD and CD, or any other fides rd and Qd, which are in a 
given ratio to thofe femi-diameters, being both increafed or 
diminiftied in the fame proportion, the redangles RC or rC 
will be increafed or diroinUhed in the duplicate ratio of the 
femi-diameter CD, and confequently the velocity in the fimplp 
ratio, of CD. * 

it. Cor. 4. If the velocity of a body tailing from an infinite 
height towards different central bodies is the fame, when it ar¬ 
rives at! their fur faces, the denfity of thofe central bodies muft be 
4 in 
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-in the duplicate ratio of their femi-diameters inveifcly; for by 
the laft cor. the denlity of the central body remaining the 
fame, the rectangle RC will be in the duplicate ratio of CD$ 
itt order therefore that the re&angle RC may always remain the 
-lame, the line RD rauft be.inverfely, as CD, and confequently 
the denlity inverfely, as the fquare of CD. 

- 12. Cor. 5. Hence the quantity of matter contained in thofa 

bodies mull: be in the fimpie -ratio of their femi-diameters di¬ 
rectly; for the quantity of matter being always in a ratio com¬ 
pounded of the fimpie ratio of the denfitv, and the triplicate 
ratio of their femi-diameters, if the denlity is in the inverfe 
duplicate ratio of the femi-diameters, this will become the direCt 
triplicate and inverfe duplicate, that is, when the two are com¬ 
pounded together, the fimpie ratio of the femi-diameters, 

13. The velocity a body would acquire by falling from an in¬ 
finite height towards the fun, when it arrived at his furface, 
being, as has been faid before in article 3d, the fame with that 
of a comet revolving in a parabolic orbit in the fame place. 
Would be about 20,72 times greater than that of the earth in 
its orbit at its mean diftance from the fun ; for the mean dif- 
tance of the earth from the fun, being about 214,64 of the 
fun’s femidiameters, the velocity of fuch a comet would be 
greater at that diftance than at the diftance of the earth from 
the fun, in the fub-duplicate ratio of 214,64 to 1, and the ve¬ 
locity of the comet being likewife greater than that of planets, 
at their mean diftances, in the fub-duplicate ratio of 2 to 1; 
thefe, when taken together, will make the fub-duplicate ratio 
of 429,28 to 1, and the fquare root of 429,28 i§ 20,72, very 
nearly. * 


14. The 
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14. The fame refult would have been obtained by taking the 
line RD proportional to the force of gravity at the fun’s fur- 
face, and DC equal to his femi-diameter, and from thence 
computing a velocity, which fhould be proportional to the 
fquare root of the area RC when compared with the fquare 
root of another area, one of whofe fides fhould be proportional 
to the force of gravity at the furface of the earth; and the other 
fhould be, for inftance, equal to 16 feet, 1 inch, the fpace a 
body would fall through in one fecond of time, in which cafe 
it would acquire a velocity of 32 feet, 2 inches per fecond. 
The velocity thus found compared with the velocity of the 
earth in its orbit, when computed from the fame elements, lie- 
ceflarily gives the fame refult. I have made ufe of this latter 
method of computation upon a former occafion, as may be feeu 
in Dr. Priestley’s Hiftory of Optics, p. 787, &c. but I have 
rather chofen to take the velocity from that of a comet, in the 
article above, on account of its greater fimplicity, and its more 
immediate connexion with the fubjed of this paper. 

15. The velocity of light, exceeding that of the earth in its 
orbit, when at its mean diftance from the fun, in the propor¬ 
tion of about 10.310 to 1, if we divide 10.310 by 20,72, the 
quotient 497, in round numbers, will exprefs the number of 
times, which the velocity of light exceeds the velocity a body 
could acquire by falling from an infinite height towards the 
fun, when it arrived at his furface ; and an area whofe fquare 
root fhould exceed the fquare root of the area RC, where RD 
is fuppofed to reprefent the force of gravity at the furface of 
the fun, and CD is equal to his femi-diameter, in the fame 
proportion, muft confequently exceed the area RC in the pro¬ 
portion of 247.009, the fquare of 497 to 1. 

. Vol. LXX 1 V. G 16. Hence 
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16i Hence, according to article to, if the femi-diameter of 
a fphaere of the fame deniity with the fun were to exceed that df 
the fun in the proportion of 500 to 1, a body falling from att 
infinite height towards it, would have acquired at its furface a 
greater velocity than that of light, and confequently, fup- 
pofing light to be attracted by the fame force in proportion ta 
its vis inerti®, with other bodies, all light emitted from fuch a 
body would be made to return towards it, by its own proper 
gravity. 

17. But if the femi-diameter of a fphaere, of the fame den- 
fity with the fun, was of any other fize lefs than 497 times 
that of the fun, though the velocity of the light emitted from 
fuch a body, would never be wholly deftroyed, yet would it 
always fufter fome diminution, more or lefs, according to the 
magnitude of the faid fphaere ; and the quantity of this diminu¬ 
tion may be eafily found in the following manner : Suppofe S 
to reprefent the femi-diameter of the fun, and aS to reprefent 
the femi-diameter of the propofed fphaere ; then, as appears 
from what has been fhewn before, the fquare root of the dif¬ 
ference between the fquare of 497 S and the fquare of aS will 
be always proportional to the ultimately remaining velocity, 
after it has fuffered all the diminution, it can poflibly fuffer 
from this caufe; and confequently the difference between the 
whole velocity of light, and the remaining velocity, as found 
above, will be the diminution of its velocity. And hence the 
diminution of the velocity of light emitted from the fun, on 
account of it’s gravitation towards that body, will be fome- 
what lefs than a 494.ooodth part of the velocity which it 
would have had if no fuch diminution had taken place; for 
the fquare of 497 being 247.009, and the fquare of i being I, 
the diminution of the velocity will be the difference between 
2 th* 
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the fquare. root of 247.009, and the fcjuare root of 247.008, 
which amounts, as above, to fomewhat lefs than one 494.000th 
part of the whole quantity. - 

18. The fame effects would likewife take place, according 
to article 1 r, if the femi-diameters were different from thole 
mentioned in the two laid articles, provided the deniity was 
greater or lefs in the duplicate ratio of thole lemi-diameters in- 
verfclv. 

j 

19. The better to illuftrate this matter, it may not be amiis 
to take a particular example. Let us fuppole then, that it 
fhould appear from obfervations made upon fome one of thofc 
double liars above alluded to, that one of the two performed 
its revolution round the other in 64 years, and that the central 
one was of the fame denfity with the fun, which it mull be, 
if its apparent diameter, when feen from the other body, was 
the fame as the apparent diameter of the fun would be if feen 
from a planet revolving round him in the fame period: let us 
further fuppofe, that the velocity of the light of the central 
body was found to be lefs than that of the fun, or other liars 
whofe magnitude was not fufficient to affe£t it fenfibly, in the 
proportion of 19 to 20. In this cafe then, according to arti¬ 
cle 17, the fquare root of 247.009 SS mull be to the fquare root 
of the difference between 247.009 SS and aaSS as 20 to 19. 
But the fquares of 20 and 19 being 400 and 361, the quantity 
247.009 SS mjuft therefore be to the difference between this 
quantity and aaSS in the fame proportion, that is as 247.009 to 
222.925,62 ; and aaSS mull consequently be equal to 24.083, 
38 SS, whofe fquare root 155,2 S nearly, or, in round num¬ 
bers, 155 times the diameter of the fun, will be the diameter 
•f the central flar fought. 


G* 


20. As 



44 Mr. Michele on the Means of dijcovertng the 

20. As tiie fquares of the periodical times of bodies, revolv- 
ing round a central body, are always proportional to the cubes 
of their mean diftances, the diflance of the two bodies from 
each other muft therefore, upon the foregoing fuppolitions, be 
fixteen times greater in proportion to the diameter of the central 
body, than the diflance of the earth from the fun in proportion 
to his diameter; and that diameter being already found to be 
alfo greater than that of the fun in the proportion of 155,2 to 1, 
this diflance will confequently be greater than that of the earth 
and fun from each other in the proportion of 16 times 155,2, 
that is 2483,2 to 1. 

21. Let us farther fuppofe, that from the obfervations, the 
greateft diftance of the two ftars in queftion appeared to be 
only one fecond; we muft then multiply the number 2483,2 
by 206.264,8, the number of feconds in the radius of a circle, 
and the product 512.196.750 will fhew the number of times 
which fuch a ftar’s diftance from us muft exceed that of the fun. 
The quantity of matter contained in fuch a ftar would be 
155,2’ or 3-738.308 times as much as that contained in the 
fun ; its light, fuppofmg the fun’s light to take up 8'. y".' in 
coming to the earth, would, with its common velocity, require 
7.900 years to arrive at us, and 395 years more on account of 
the diminution of that velocity ; and fuppofmg fuch a ftar to 
be equally luminous with the fun, it would ftill be very fuf- 
ficiently vifible, I apprehend, to the naked eye, notwithftand- 
ing its immenfe diftance. 

22. In the elements which I have employed in the above com¬ 
putations, I have fuppofed the diameter of the central ftar to 
have been obferved, in order to afeertain its denfity, which 
cannot be known without it; but the diameter of fuch a ftar is 

much 


5 



Di/lance, Magnitude, &c. of the Fixed Stars, &c. 4.5 

much too {mail to be obferved by any telefcopes yet exifting, 
or any that it is probibly in the power of human abilities to 
make ; for the apparent diameter of the central ftar, if of the 
fame denfity with the fun, when feen from another body, 
which would revolve round it in 64 years, would be only the 
171-th part of the diftance of thofe bodies from each other, as 
will appear from multiplying 107,32, the number of times the 
fun’s diameter is contained in his diftance from the earth, by 16, 
the greater proportional diftance of the revolving body, cor* 
refpouding to 64 years inftead of 1. Now the 1717th part of a 
fccond muft be magnified 309.060 times in order to give it an 
apparent diameter of three minutes; and three minutes, if the 
telefcopes were mathematically perfect, and there was no want 
of diftitnftnefs in the air, would be but a very fmall matter to 
judge of*. 

23. But 

* InMr.HtRscHin/s Obfervations upon the Fixed Stars abovementioned, atmoft 
all of them are reprefented a? appearing with a well-defined round dife. That this 
is not the real dife, but only an optical appearance, occafio&cd perhaps by the 
conflitution of the eye, when the pencil, by which objects are feen, is fo exceed¬ 
ingly fmall as thofe which he employed upon this occahon, is very rmmifeft, from 
the obfervations themfelvcs, of which indeed Mr* Herschel feems to be himfelf 
fufficiently aware: if it were not fo, the intenfity of the light of thefe ftars muft 
cither be exceedingly inferior indeed to that of the fun, or they muft be immenfety 
larger, otherwise they muft have a very fenfible parallax ; for the fun, if removed 
to to.oco*ooo times his prefent diftance, would ftill, I apprehend, be of about 
the brightuefs of the ftars of the fixth magnitude ; in which cafe he muft be mag* 
miied 1.000.000 times to make his apparent dife of any fenfible magnitude; or, 
on the other hand, if he was only removed to a thoufandth part of that diftance, 
then he muft be lefs luminous in the proportion of r*000,000 to 1, to make him 
appear no brighter than a ftar of the fixth magnitude. Now the fun's diameter 
being contained nearly 115 times in the diameter of the earth's orbit, the annual 
parallax therefore of fach a body in that cafe, if it was placed in the pole of the 

ecliptic. 
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23. But though there is not the leaft probability that this 

•element, fo effential to be known, in order to determine with 
iprecifion the exa< 3 : diftance and magnitude of a ftar, can ever be 
'Obtained, where it is in the fame circumftances, or nearly the 
fame, with thofe above fuppofed, yet the other dements, fuch 
as perhaps may be obtained, are fufficient to determine the dif¬ 
tance, &c. with a good deal of probability, within fome mode¬ 
rate limits; for in whatever ratio the real diftance of the two 
ftars may be greater or lels than the diftance fuppofed, the den- 
fity of the central ftar muft be greater or lefs in the ftxth 
power of that ratio inverfely ; for the periodic time of the re¬ 
volving body being given, the quantity of matter contained in 
the central body muft be as the cube of their diftance from each 
other. See Sir I. Newton’s Prin. b. 3d. pr. 8th. cor 3d. But 
the quantity of matter in different bodies, at whofe ftirfaces tlic 
■velocity acquired by falling from an infinite height is the fame, 
muft be, according to art. 1 2, dire&ly as their femi-diameters ; 
the femi-diameters therefore of fuch bodies muft be in the tri¬ 
plicate ratio of the diftance of the revolving body ; and confe- 
•quently their denfities, by art. 11, being in the inverfe dupli¬ 
cate ratio of their femi-diameters, muft be in the inverfe fex- 
tupljcate ratio of the diftance of the revolving body. Hence 
if the real diftance ftiould be greater or lefs than that fuppofed, 
in the proportion of two or three to one, the denfity of the cen¬ 
tral body muft be lefs or greater, in the firft cafe, in the pro¬ 
portion of 64, or in the latter of 729 to 1. 

'ecliptic, would l?e *i| time* its apparent diameter; and as the bright ftar in 
Lyra appeared to Mr. Hiksches. about a third part of afecond in diameter, if this 
, was its real due, and it was no bigger than the fun, it would confequently hare 
an annual parallax in the pole of the ecliptic of about 72". 


24. There 
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■24. There is alfo another circumftance, from which perhaps 
fame little additional probability might be derived* with regard 
to the real diftance of a ftar, fuch as that we have fuppofed; 
but upon which however, it muft be acknowledged, that no 
great ftrefs can be laid, unlefs we had fome better analogy to go 
upon than we have at prefent. The circumftance I mean is the 
greater fpecific brigbtnefs which fuch a ftar muft have, in pro¬ 
portion as the real diftance is lefs than that fuppofed, raid vice 
versd ; lince, in order that the ftar may appear equally luminous, 
its fpecific brightnefs muft be as the fourth power of its diftance 
inverfely ; for the diameter of the central ftar being as the 
cube of the diftance between that and the revolving ftar, and 
their diftance from the earth being in the fimple ratio of their 
diftance from each other, the apparent diameter of the central 
ftar muft be as the fquare of its real diftance from the earth, 
and confequently, the fnrface of a fphacre being as the fquare of 
its diameter, the area of the apparent dife of fuch a ftar muft 
be as the fourth power of its diftance from the earth ; but in 
whatever ratio the apparent dife of the ftar is greater or lefs, 
in the fame ratio inverfely muft be the intenfity of its light, 
in order to make it appear equally luminous. Hence, if its real 
diftance fhould be greater or lefs than that fuppofed in the pro¬ 
portion of 2 or 3 to i, the intenfity of its light muft be lefs or 
greater, in the firft cafe, in the proportion of x 6, or, in the 
latter of 81 to 1. 

25. According to Monf.BouGUER (fee hisTraite d’Optique) 
the brightnefs of the fun exceeds that of a wax candle in no 
lefs a proportion than that of 8000 to 1. If therefore the bright¬ 
nefs of any of the fixed ftars fhould not exceed that of our com¬ 
mon candles, which, as being 'fomething lefs luminous than 

* wax, 
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wax, we will fuppofe in round numbers to' be only one 
jo.ooodth part as bright as the fun, fuch a fts« would not he 
vifible at more than an xoodth part of the diftance, at which 
it |vould be vifible, if it was as bright as the fun. Now be- 
Caufe the fun would dill appear, I apprehend, as luminous, as 
the ftar Sirius, when removed to 400.000 times his prefent 
diftance, fuch a body, if no brighter than our common candles, 
would only appear equally luminous with that ftar at 4000 
times the diftance of the fun, and we might then begin to be 
able, with the beft telefcopes, to diftinguUh fome fenfible ap¬ 
parent diameter of it; but the apparent diameters of the ftars 
of the lefs magnitudes would ftill be too fmall to be diftinguifh- 
able even with our beft telefcopes, unlefs they were yet a good 
deal lefs luminous, which may pofiibly however be the cafe 
with fome of them; for, though we have indeed very flight 
grounds to go upon with regard to the lpecilic brightnefs of the 
fixed ftars compared wirh that of the fun at prefent, and can 
therefore only form very uncertain and random conjectures 
concerning it, yet from the infinite variety which wc find in 
the works of the creation, it is not unreafonable to fufpeCt, 
that very pofiibly fome of the fixed ftars may have fo little na¬ 
tural brightnefs in proportion to their magnitude, as to admit 
of their diameters having fome fenfible apparent fize, when 
they {hall come to be more carefully examined, and with larger 
and better telefcopes than have been hitherto in common ufe. 

26. With regard to the fun, we know that his whole lur- 
face is extremely luminous, a very fmall and temporary inter¬ 
ruption fometimes from a few fpots only excepted. This uni- 
verfal and exceftive brightnefs of the whole lurface is probably 
owing to an atmofphicre, which being luminous throughout, 

and 
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inti in ibtee s nS( 4 ftfte aflfb ththfparenti the liglit, proceeding 
from a confideiraible depth of it* all arrives at' the eye; in the 
feme manner as the light of a great number of candles would 
do, if they were placed one behind"another, and their flames 
were fufficiently tranfpafent to permit the light of the more 
diftant ones to pafs through thole that were nearer, without 
any interruption. 

27. How far the fame constitution may take place in the 
fixed ftars we don't know ; probably however it may do fo in 
many ; but there are fome appearances with regard to a few of 
them, which feem to make it probable, that it does not do fo 
univerfally. Now, if I am right in fuppofing the light of 
the fun to proceed from a luminous atmolphaere, which muft 
neceffarily diffufe itfelf equally over the whole furface, and I 
think there can be very little doubt that this is really the cafe, 
this conftitution cannot well take place in thofe ftars, which 
are in fome degree periodically more and lefs luminous, fuch 
as that in Collo Ceti, &c. It is alfo not very improbable, that 
there is fome difference from that of the fun, in the conftitution 
of thofe ftars, which have fometimes appeared and fometimes 
difappeared, of which that in the conftellation of Caffiopeia is a 
notable inftauce. And if thofe conjeftures are well founded 
which have been formed by fome philofophers concerning ftars 
<jf thefe kinds, that they are not wholly luminous, or at leaft' 
hot conftantly fo, but that all, or by far the greateft part of 
their furfaces is fubjeft to considerable changes, fometimes be¬ 
coming luminous, and at other times being extinguished; it is 
amongft the ftars of this fort, that we are mod likely to meet 
with inftances of a feulible apparent diameter, their light being 
much more likely not to be So great in proportion as that of 
the fun,'which, if removed to four hundred thoufand times 
Vol. LXXIV. H his 
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hisprefent diftanee would ftill appear, I apprehend, a$ bright at 
Sirius; as I have obferved above; whereas it is hanHy to bemc» 
with any telcfcopes whatsoever, that we flbould ever be 
able Ip diftinguifti a welldefined difc of any body of the - fitne 
fixe with the fua at much more than ten thoufand times hit 
diftance. 

28. Hence the greateft diftanee at which it would be poflible 
to diftinguilh any fenfible apparent diameter of a body as denfe 
as the fun cannot well greatly exceed five hundred times ten 
thoufand, that is, five million times the diftance of the fun ; 
for if the diameter of fuch a body was not lefs than five hun¬ 
dred times that of the fun, its light, as has been Ihewn above, 
in art. 16. could never arrive at us. 

29. If there Ihould really exift in nature any bodies, whofe 
denfity is not lefs than that of the fun, and whofe diameters arc. 
more than 500 times the diameter of the fun, fince their 
%ht could not arrive at us; or if there Ihould exift any other 
bodies of a fomewhat Smaller fize, which are not naturally lu¬ 
minous ; of the exiftence of bodies under either of thefe cir- 
cumftances, we could have no information from.fight; yet, if 
any other luminous bodies Ihould happen to revolve about them 
we might ftill perhaps from the motions of thefe revolving 
bodies infer the exiftence of the central ones with feme degree 
of probability, as this might afford a due to feme of the ap¬ 
parent irregularities of the revolving bodies, which would not 
be eafily explicable on. any other hypothefts; but as the con* 
Sequences of Such a^&ppofition are very obvious, and the 
consideration of them fomewhat befide my prefect jpurpofe, I 
foall not profecute them anyferther. 


30. Thfr 
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” 30; The dlttfifoation of the velocity of light, in cafe' it 
fhould be Mali to take place in any of the fixed ftars, is thi 
principal phenomenon whence it is propofed to difeover their 
diftance, &c. Now the means by which we may find what 
this diminution amounts to, feems to be fupplied by the dif¬ 
ference which would be occafioned' in confequence of it, in the 
refrangibility of the light, whole velocity lhouid be fo dimi- 
minifhed. For let us fuppofe with Sir Isaac Newton (lee 
his Optics, prop. vi. paragr. 4 and 5) that the refra&ion 
of light is occafioned by a certain force impelling it to¬ 
wards the refracting medium, an hypothefis which perfect¬ 
ly accounts for all the appearances. Upon this hypothefis 
the velocity of light in any medium, in whatever direction it 
falls upon it, will always bear a given ratio to the velocity it 
had before it fell upon it, and the fines of incidence and re¬ 
fraction will, in confequence of this, bear the fame ratio to 
each other with thefe velocities inverfely. Thus, according to 
this hypothefis, if' the fines of the angles of incidence and 
refraction, when light pafles out of air into glafs, are in the 
ratio of 31 to 20, the velocity of light in the glafs muftbe to 
its velocity in air in the fame proportion of 31 to 20. But be- 
caufe the areas, reprefenting the forces generating thefe veloci¬ 
ties, are as the fquares of the Velocities, fee art. 5. and 6. thefe 
areas muft be to each other as 961 to 400. And if 400 repre¬ 
sents the area which correfponds to the force producing the ori¬ 
ginal velocity of light, 561, the difference between 961 and 
400, muft reprefent the area correfponding to the additional 
force, by which the light was accelerated at the furface of the 
glafs. ‘ ;'‘ ' 

31. In art. 19, we fuppofed, by Way of example, the velo¬ 
city of the light W'&rtfe particular ftar to he diminHhedin the 
' l Ha ratio 
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r *9. to 20, and £ wa? there obferved,, fbs£ the area re- 
pr«%it^g;,*hfi remaining force which would be ,,neceflhy to 
gSBfrate the velocity 19, was therefore properly mprefented by 
.^Jiidrh. parts of the area, that ihould reprefent the. force that 
Would be necefiary to generate the whole velocity of light, 
Jt^^Ojundimiuilhed. If then we add 561, the area reprefent- 
ingthe force by which the light is accelerated at the furface of 
the. glafs, 40361, the area reprefenting the force which would 
have generated the dimiuilhed velocity of the liar’s light, the 
fquare root of 922, their lum, will reprelent the velocity of 
the light with the diminifhed velocity, after k has entered the 
glafs. And the fquare root,of 922 being 3,0,364, the fines of 
incidence and refrafUon of fuch light out of air into glafs will 
confequently be as 30,364 to 19, or what is equal to it, aa 
34,96 to 20 inftcad of 31 to 20, the ratio of the fines of inci¬ 
dence, and refraftion, when the light enters the glafs with its 
velocity undiminilhed. 

32. From hence a prifm, with a fmall refrafting angle, 
might perhaps be found to be no,very inconvenient inftrument 
for this purpofe: for by fuch a prifm, whofe refra&ing angle 
was of one minute, for in fiance, the light with its velocity 
undimini filed would be turned out of its way 33", and with 
the dimioifiied velocity 35", 88 nearly, the difference between 
which being almoft 253"'', would be the quantity by which, 
the light, whole, velocity was diminilhed, would be turned out 
of its-way more than that whofe velocity was undiminilhed. 

33. Let us now be fuppofed to make ufe of fuch a prifin to 
look at two fiars, under the lame circumftances as the two ftara 
in the example above-mentioned, the central one of which 
Ihould be large enough to diminilh the velocity of its light one 
twentieth part, whilfi the velocity of the light of the other, 

, > which 
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which waa typpofed to revolve about it at a fatellke, for wan* 
of Efficient magnitude in the body from whence k was emit¬ 
ted, Ibpuld fuffer no fallible, diminution at all. . Placing then 
the line, in which the two faces of the prifm would interfeft 
each other, at right angles to a line joining the twoftars-; if 
the thinner part of the prifm lay towards the fame point of the 
heavens with the central ftar, whofe light would be rttoft turned 
out of its way, the apparent diftance of the liars would be ia- 
creafed 2". 53'" and confequently become 3", 53'" in Head of 1 
only, the apparent diftance fuppofed above in art. 21. On the 
contrary, if the prifm fhould be turned half way round, and 
its thinner part lye toward^ the fame point of the beavens.with 
the revolving ftar, their diftance tnuft be dlminiftied by-a like 
quantity, and the central ftar therefore would appear 1". 53/" dif- 
tan t fropa the other on the oppolite fide of it, having,been removed 
from, its place near three times the-whole diftance between them* 

34. As a prifm might be madeule of for this purpole, which 
£hould have a much larger refca&ing angle than that we have 
propoled, efpeeially if it was conftru£led in the achromatic 
way, according to Mr. dollond’s principles, not only fuch a 
diminution,, as one part in twenty, might, be made Hill more 
diftinguilhable;; but we might probably be able to difcover. 
confiderably lefs. diminutions in the velocity of light, as per¬ 
haps a hundredth, a two-hundredth r a five-hundredth, or even 
a thoufandth. part of the whole,, which, according to what 
has been faid above, would be occaftoned by fphseres, whofe 
diameters fhould be to that of the fun, provided they were of 
the fame denfity, in the Several proportions nearly of 70,, 50* 
30, and 2 2 to x. refpe&i vely. 

35, If fuch a diminution of the velocity of light, as that- 
above fuppofed,he.fbpnd,reallytotakepla% in confe- 

qence: 




quence ofiits gravitation towards the bodies from whence it is 
emkted»and there fhould be feveral of the fixed flats large 
enough to make it Efficiently fenfible, a fet of obfervatkma 
upon this fubjed might probably give us feme' cohfiderable in* 
formation with regard to many circumftances of that part of 
the taniverfe, which is vifible to us. The quantity of matter 
Contained in many of the fixed ftars might from hence he judged 
of, with a great degree of probability, within feme moderate 
limits; for though the exad quantity muft ftill depend upon 
their denfity, yet we muft fuppofe the denfity moft enormoufly 
different from that of the fun, and more fo, indeed, than one 
•can eaftly conceive to take place in fad, to make the error of 
the fuppofed quantity of matter very wide of the truth, fince 
the denfity, as has been (hewn above in art. ri. and 12. which 
is neceflary to produce the fame diminution in the velocity of 
light, «mitted from different bodies, is as the fquare of the 
qttantity of matter contained in thofe bodies inverfely. 

36. But though we might poffibly from hence form fome 

■reafonable guefs at the quantity of matter contained in feveral 
•of the fixed*, ftars; yet, if they have no luminous fatellites 
revolving about them, we fhall ftill be at a lofs to form any 
prdb'abie judgment of their diftance, unlefs we had fome ana¬ 
logy to go upotr for their fpecific brightnefs, or had fome other 
means of dffcovering k; there is, however, a cafe that may 
poffibly occur, which may tend to throw fome light upon this 
matter. 1 • ; .. . > 

37. I have fhewn In my Enquiry into the * probable Parallax, 
jfitc. of the Fixed Stars, publifhed in the Philofbphical Tranf- 
adions for the year *767, the extremely great probability there 
is, that many of the fixed'ftars are colleded together into 
groups* and that the Pleiades its particular conftitute one of 

‘ : thefe 
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tfcfe groups. Now of the ftars which we there fee coile&ed 
together, it is highly probable,- as I have obferved in that paper, 
t hat there is not one in a hundred which docs not belong to the 
group itfelf; andby far thegreateft part, therefore, according 
to the fame idea, maft Jye within a fphaere, a great circle of 
which is of the fame fixe with a circle, which appears to us 
to include the whole group. If we fuppofe, therefore, this- 
circle to be about z°. in diameter, and confequently only about 
a thirtieth part of the diftauce at which it is feen, we may 
conclude, with the higheft degree of probability, that by far 
the greatefi -part of thefe ftars do not differ in their difiances- 
from the fun by more than about one part in thirty, and from 
thence deduce a fort of fcale of the proportion of the light 
which is produced by different ftars of the fame group or fyftem 
in the Pleiades at leaf!; and, by a fomewhat probable analogy,, 
we may do the fame in other fyftems likewife. But having 
yet no means of knowing their real diftance, or fpecific bright- 
nefs, when compared either with the fun or with one another, 
we fhall ftill want fomething more to form a farther judgment 
from. 

38. If, however, it fhould be found, that amongft the 
Pleiades, or any other like fyftem,, there are feme ftars that are 
double, triple, &c. of which one is a larger central body, with 
one or more fatellites revolving about it, and the central body 
fhould likewife be found to diminifh the velocity of its light 
and more efpecially,. if there fhould be feveral fuch inftances 
met with in the fame fyftem; we fhould then begin to have a 
kind of meafure both of the diftauce of fuch a fyftem of ft&rs 
from the earth, and of their mutual diftances from each other- 
And if feveral inftances of this kind fhould occur in different 
groups or fyftems of ftars,, we might alfb, perhaps, begin to 
:, * forma 



form fofofeprobable conje&ures concerning the fpecific dfenfity 
and- %flghtuef$ of the ftars themfelves, efpecfally if there 
9 )btM he found any general analogy between the quantity of 
, tSte'diminution of the light and the diftance of the fyftem de¬ 
duced from it; as, for inftance, if thofe ftars, which had the 
greateft effed in diminiftting the velocity of light fhould in 
•general give a'greater diftance to the fyftem, when fuppofed to 
be of the fame denfity with the fun, we might then naturally 
conclude from thence, that they are lefs in bulk, and of 
greater fpecific denfity, than thofe ftars which diminifh the ve¬ 
locity of light lefs, and vice ver/d. In like manner, if the 
larger ftars were to give us in general a greater or lefs quan¬ 
tity of light in proportion to their bulk, this would give us a 
kind of analogy, from whence we might perhaps form fome 
judgment of the fpecific brightwefs of the ftars in general; 
but, at all adventures, we fhould have a pretty tolerable mea- 
fure of the comparative brightnefs of the fun and thofe ftars, 
upon which fiich observations Ihould be made, if the refult of 
them fhould turn out agreeable to the ideas above explained. 

39. Though it is not improbable, that a few years may in* 
form us, that fome of the great number of double, triple ftars, 
See. which have been obferved by Mr. Herschel, are fyftems 
of bodies revolving about each other, efpecially if a few more 
observers, equally ingenious and induftrious with himfelf could 
be found to fecond his labours'; yet the very great diftance at 
which it is not unlikely pnany of the fecondary ftars may be 
placed from their principals, and the confequently very long 
periods of their revolutions *, leave very little room to hope 

that 

* if the fun, when removed to 10.000 000 times his prefetit diftance, would 
ftll appear as bright as a ft#r of the forth magnitude, which I apprehend tt>’be> 

pretty 
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that any very great progrefs can be made in this fubjeft for 
many years, or perhaps fome ages to come ; the above outlines, 
therefore, of the ufe that may be made of the oblervations 
upon the double ftars, &c. provided the particles of light 
fhould be fubjeft to the fame law of gravitation with other 
bodies, as in all probability they arc, and provided alfo that 
fome of the ftars Ihould be large enough fenfibly to diminifli 
their velocity, will, I hope, be an inducement to thofe, who 
may have it in their power, to make thefe oblervations for the 
benefit of future generations at leaft, how little advantage 
foever we may expert from them ourfelves ; and yet very pol- 
fibly lome obfervations of this fort, and fuch as may be made 
in a few years, may not only be fufficient to do fomething, even 
at prefent, but alfo to Ihew, that much more may be done 
hereafter, when thefe obfervations lhall become more numerous, 
and have been continued for a longer period of years. 

pretty near the truth, any fateHice revolving round fuch a ftar, provided the liar 
was not either of lefs fpecific brightnefs, or of greater denfity than the fun, 
mull, if it appeared at its greateft elongation, at the diftance of one fecond only 
from its principal, be between three and four hundred years in performing one 
revolution ; and the time of the revolution of the very fmall (lar near a Lyra?, if 
it is afatellite to this latter, and its principal is of the fame fpecific brightnefs and 
denfity with the fun, could hardly be lefs than eight hundred years, though 37" 
the diftance at which it is placed from it, according to Mr. Her&chbl’s obfer¬ 
vations, fhould happen to be its greateft diftance. Thefe periodical times, 
however, arc computed from the above diftances, upon the fuppofition of the 
liar, that revolves as a fatellite, being very much fmallerthan the cential one, fo 
as not to difturb its place fenfibly; for if the two ftars Ihould contain equal, or 
nearly equal, quantities of matter, the periodical times might be fomewhat lefs, on 
account of their revolving about their common centre of gravity, in circles of 
little more than half as great a diameter as that in which the fatellite muft revolve 
upon the other fuppofition. 
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VIII. A Meteorological Journal for the Year 17?!, kept at' 
Minehead, in Somerfetlhire. By Mr. John Atkins; com* 
mimicated by Sir Jofeph Banks, Bart . P. R. S, 


Read January 15, 1784.. 

S r Minehead, March 27, *783-- 

T HiE numbericfs philofophical difcoveries and meteorolo¬ 
gical journals which I find have been addrelfed to you, 
as being a gentleman wliofe great abilities have railed you to 
the higbeft pitch of grandeur in the philofophical world, and 
which, 1 find, have been treated with the greateft candour and. 
rofpeft, and publilhed under your direction for the improvement 
of fcientific knowledge, make me prefume (though an unknown,, 
and even unheard of, individual) todireft this journal to you, not 
boafting, but rather doubting, of its being worthy of your recep¬ 
tion ; but my having found fo great a difference between the laft 
year and leveral preceding years, in the variations of the atmo- 
i'phere, both barometrical and thermometrical, induced me to- 
communicate it to other obfervers through your approbation. 

I am, &c. 


$ 


THE 





W'J! \ .*■ X,M\ 


Phiks.Trans. IW.ZXKIV.TiLb.TQ. p, ss. 
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THE inftruments are kept at a houfe about thirty feet above 
high water in the Briftol Channel. The barometer is made after 
D£ Luc’s method ; and to obferve the moft minute alteration I 
have divided it into the one-fixteenth of a line, or £92 parts in an 
inch. The thermometer is a mercurial one, graduated according 
to Fahrenheit’s fcale, as being the moft univerfal, though, 1 
think, a partial one, and placed in the open air in a northern 
afpedt. An hygrometer I have likewile kept in the open air; 
hut being an inftrument that does not admit of, as 1 ever heard 
of, a certain bafis, whereon to fix the fundamental point be¬ 
tween the greateft: moifture and greateft drought, and there¬ 
fore of little ufe to diftant obfervers, I have omitted thele ob- 
fervations. For the eafe of corrd'pondent oblervers, I have 
drawn two columns of the barometer; the firft divided into 
i92d parts of an inch; the fecond into 100th parts. The 
figures in the column of winds denote its ftrength from o to 
90 degrees of a quadrant. And the moft prevailing winds are 
from north to weft, being generally in thofe directions two- 
thirds of the year, occalioned, as I imagine, by the indraught 
of the Briftol Channel. The barometer this year has taken a 
greater range than ever I found thefe feveral years, being 2.44 
inches. The thermometer likewile front 21 0 to 8i°; and the 
three rainy months of Odtobcr, November, and December, 
there fell very little more rain than fell in the month of Au- 
guft alone, which is very uncommon in this part of the king¬ 
dom. On the ninth of February an odd phenomenon appeared 
to me about 10 miles from hence, on my journey to Tiverton. 

I oblerved an halo, exadtly fimilar to that of the lun, the cen¬ 
ter of the arch about 15 0 high, and both ends terminated in a 
field of fuow; but as rainbows are feen only with the fun behind 
one’s back, this, on the contrary, was between me and the lun. 

I 3 January 
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IX. fitftriptim %f a Meteor, ob/irutd Aug. it, 178$. 
% Afr. Tiberius Cavalfo, R R. S, 


Kead Jan. 15, 1784. 

! 

TJEING upon the CaftleTerrace-at Windsor, in company 
jpjr with my friend Dr. James Lind, Dr. Lockman, Mr. T. 
Standby, and a few Other, perfons, we obferved a very extra¬ 
ordinary meteor in the Iky, fuch as none of us remembered to 
have feih Before. We flood upon the north-eaft comer of the 
tbrracey where we had a perfed view of the whole phenomenon; 
a*d_as every oiie of the company remarked feme particular j 
ctrpumftance, the colle&ion of all which furnifhed the materials 
for this account, it may be prefamed, that this defeription is 
as true as the nature of the fubje< 9 t can admit of. 

The weather was calm, agreeably warm, and the Iky wafc 
fererre, excepting/very near the horizon, where an hazinefs juft 
prevented the appearance of the ftars. A narrow, ragged, and 
oblong cloud flood on the north-weft fide of the heavens, reach* 
ing from the extremity of the hazinefs, which rofe as high as 
18 Dr 20 degrees, and ftretching itfelf for feveral degrees to¬ 
wards the eaft, in a direflaon nearly parallel to the horizon. 
It was a little below this cloud, and eonfequently in the haiy 
&mo f the atmolphere, aboufthe iNuiy W. § W. point of the 

















Mr. Cavaleo’s BtfcripiioH tf a Meteor, &c. 1:09c 

ootnpafs, that thi* luminous meteor tyas.&rft perceived. Some? 
flafhes of lambent light, much like thtaurera- borealis t were firfo 
obferved on the northern part of the heavens,, which were foon 
perceived to proceed from a roundifh luminous body., nearly as 
big as tjbe femidiameter of the moon, and almoft ftationary in 
the abovementioned point of the heavens (fee A in the an¬ 
nexed figure, tab. IV), It was then about 25 minutes after nine 
o’clock in the evening *. Tins ball, at the beginning, appeared 
of a faint: bluifh light, perhaps, from, its being juft kindled, or 
from its appearing through the hazinefs; but it gradually im- 
creafed its light, and foon began to move, at firft afceuding 
above the horizon in an oblique dire&ion towards the eaft. Its 
courfe in this direction was very fhort, perhaps of five or fix 
degrees; after which it turned itfelf towards the eaft, and 
moving in a dire&ion nearly parallel to the horizon, reached as 
far as the S. E. by E. where it finally difappeared. The whole 
duration of the meteor was half a minute* or rather left 
and the altitude of its track feemed to be about 25 degrees 
above the horizon. A fhort time after the beginning of its 
motion, the luminous body paffed behind the above-mentioned, 
ftnall cloud, fo that during this paffage we obferved only the 
light that was caft in the heavens from behind the cloud,, 
without aftually. feeing the body from which it proceeded, for 
about the fixth or at moft the fifth part of its track; but as* 
foon as the meteor emerged from.behind the cloud,, its. light* 
was prodigious. Every objed appeared very diftin&r the whole 
face of the country in that beautiful profpefl before the terrace 

** Mr. Sandbv’s watch was Seventeen nainotei pail nine neared; it docatnot mark, 
faondi. . " ’‘" '• " ' •* "V 

0 ' Beingy 
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fceiagiflihiHily illuminated. At this moment the body of the 
meteor appeared of an oblong form, like that rcprefented it It 
'In the figure; but it prefently acquired a tail, and foon after 
departed into feveral fmall bodies, each having a tail, and alf 
moving in the fame direction, at a fmall diftance from each 
•other, and very little behind the principal body, the fize of 
"which was gradually reduced after the divifion (fee D in the 
’figure). In this form the whole meteor moved as far as the 
S- E.byE. where the light decreafing ratbet abruptly, the 
whole disappeared. 

During the phenomenon no ftoife was heard by any of our 
'company, excepting one perfon, who imagined to have heard 
a crackling ndife, fortieth mg like that which is produced by 
fmall wool when burning. But about ten minutes after the 
difappearante of the meteor, and when we were juft going to 
retire from the (terrace, we 'beard a rumbling noife, as if it were 
of thunder at a great diftanCe, which, to all probability, was 
the, report of the meteor's explofion; and it may be naturally 
imagined that this esfiplafion happened when the meteor parted 
into final! bodies, vk. at about the middle of its track. 

sNow if that noife was really the report of the expiofion 
which j ftajqseiwed >in the* abwementioned place, the diftance, 
altitude,, ccrorfe, and other particulars relating to this meteor, 
tiraft be very nearly as exprefied in the following lift; they 
being caflculaseed with mathematical accuracy, upon the pre¬ 
ceding particulars^ and Upon the fuppofrticfh that found travels 
1 t §o feet .per fecond. if the noife we heard was not that 
fef the meteor's explofioti, then the following calculations muft 
fee confidered asejuite ufelefs and erroneous. 

v 




Diftandfe 



Matnr obf&vei Aug. 18; 17$^. m 

Di fiance of the meteor from Windfor Caftle 130 miles* 

Length of the path it defcribed in the heavens 550 miles* 
piaipeter of the luminous body when it came out of , 
the clouds 1070 ysjtds* 

. Its height above the furface of the Earth $ 6 % miles. 


The explofion mull have, happened perpendicularly over' 
Lincolnflure. 

T.. Cavallo*. 



X> At- 


I 141'’-3 


X. An Account of tie "Meteors of the i%tb of Auguft and tfh of 
October, 1783. By Alex. Auhert, Eft. F. R. S. and $,A. 

Read Jan. 15, 1784. 

H AVING been fortunate enough to fee both the Meteors, 
of the 18th of Auguft and of the 4th of October laft, I 
think it my duty to communicate the obfervations I made upon 
diem to the Royal Society. We are in general fo little ac¬ 
quainted with thefe phaenomena, that too many accounts of 
them cannot be collected, in order to enable us to form fome 
idea of their nature, path, magnitude, and diftance from the 
earth. It is not to be expeCfced, that an obferver, in the open 
air, to whom the appearance comes totally unexpected, can 
give a perfeCt account of it; but by going afterwards to the 
fpot from which he fjiw it, he may, by the affiftaace of the 
objects about him, and fome proper inftruments, come near 
the truth: I have followed this method ; and it is the refult 
thence deduced I have the honour of communicating to the 
Society. 

Monday the 18th of Auguft had been a very fultry day. At 
the time the meteor made its appearance, although the ftars 
were bright in the upper part of the heavens, the horizon was 
Surrounded with a hazinefs which did not permit any ftars to 
he Seen under an altitude of about eight degrees. I was on 
horfeback, returning to my Obfervatory at Loampit-hill, near 
< Deptford, in Kent} my face was turned towards the South 
‘v- Weft, * 



Mr, A u bert’s Account of two Meteors. uj 
\\ r eft. 1 was at the foot of Lewifham-bridge, when I was much 
furprifed at perceiving fuddenly a kind of glimmering light, 
tefembling faint but quickly repeated flafhes of lightning; foon 
after which the light increafed much towards the North Weft; 

I turned dire&ly to it, and faw it form into a large luminous 
body like ele&rical fire, with a tinge of blue round its edges. 
It rofe from the hazy part of the atmofphere (which I have 
obferved might be about 8 3 high), and moved at firft almoft in 
a vertical direction, changing its ftze and figure continually, 
having to me all the appearances of fucceflive inflammation, 
and not of a folid body; it was fometimes round, at others 
oval and oblong, with its longeft diameter in the line of its 
motion ; although it had got high enough to be quite out of 
the hazy part of the horizon, it was furrounded and accom¬ 
panied in its whole courfe with a kind of whitifh mift or light 
vapour. The place from which it rofe was about 38° from 
the north towards the weft. After rifing a little way perpen¬ 
dicularly, it made its progrefs in a curve, fo as to be at the 
higheft when it had reached due eaft, at an altitude of about 
35 0 ; after which, continuing a few degrees beyond the eaft, 
and being about 30° high, it left behind it feveral globules of 
various fhapes; the firft which detached itfelf being very fmall, 
and the others gradually larger and larger, until the laft was 
-nearly as large as the remaining preceding body ; foon after¬ 
wards they all extinguifhed gradually, like the bright ftars of 
a fky-rocket, with fome inclination downwards, which ap¬ 
pearance might probably arife from the upper parts of the fepa- 
rate bodies extinguifhing before the lower ones. The meteor 
was at the brighteft and at the largeft juft before its feparation ; 
I eftimated its magnitude or area then to be equivalent to two 
full moons. Its light, during its whole courfe, was fo great, 
Vol. LXXIV. CL that 
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that I could fee every objedt diftindtly, and when it was ex* 
tinguilhed the night appeared very dark : I could however lee* 
by my watch that it was feventecn minutes after nine : as 
foon as I got to my obfervatory, which might be about ten 
minutes afterwards, having compared it with my regulator, I 
found it about half a minute too flow for mean time. I think 
the whole appearance of the meteor, from its firfl: riling out of 
the hazy part of the atmofphere to its total extindlion, did not 
exceed ten or twelve feconds of time, during which it moved a 
fpace correfponding to about 136° in azimuth. I recoiled! an 
appearance during its motion, which confirms me in the idea 
I had of its not being a folid body. In its progrefs it did not 
defcribe a curve as regular as might have been expedted from 
fuch a body; but feemed to move in fomewhat of a waving' 
line. This irregularity in its courfe was probably owing to 
changes of its figure and fize, occafioned by the train of in¬ 
flammation not running in an even line. I fhould alio men¬ 
tion that the meteor appeared extremely near to me, more 
particularly when it was at the highefl:; yet from the com- 
parifons made already of obfervations at feveral diftant places, 
we may reafonably judge, that it could not be at lefs than 40 
or 56 miles diftance from the furface of the earth. 

The meteor of Saturday the 4th of Odtober laft was of a 
much fhorter duration and path. I was on horfeback, near 
the ftones end, in Blackman-Street, Southwark; my face 
was turned northward. I faw, towards the N. N. E. a train 
of fire, refembling in its motion a common meteor, vulgarly 
called a falling ftar, but the colour of it was red; it originated 
at an altitude of about 25 0 , and moved quickly in a flrait line 
eaftward, inclining gradually towards the horizon, fb as to be, 
after a courfe of 15 0 or 20° in azimuth, about 15 0 above the 

horizon. 
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horizon, when it fpread into a broader train, and growing of a 
lighter colour, it terminated by refolving itfelf into a beautiful 
oblong body of the brighteft fire, like electrical fire tinged 
blue, almoft as large as the moon ; it illuminated the ftreet 
and houfes much more than any lightning I have feen ; thofe 
who had not a dired view of it, took it for a long flafh of 
lightning. I think its whole courfe did not exceed 25 °, nor 
the time of its appearance two or three feconds. It extinguifh- 
ed quickly, and left behind it, in its path, a train of very dull 
reddifh fire, which continued vifible to my naked eye above 
one minute and a half. The time of night was forty-three mi¬ 
nutes paft fix; it was a fine ftar-light evening, warmer than 
the preceding ones; the moon beyond the firft quarter, and 
very bright; yet her light was not to be compared to the much 
greater light of the meteor. 

I do not recoiled hearing any noife or report, either during 
or after the appearance of thefe meteors. 

Alexander Aubert. 

Since I wrote the above account, I have reafon to think I have 
eftimated the altitude of the laft meteor rather too low ; fome 
of my friends in London, who had, at the time of its appear¬ 
ance, a very good objed of comparifon for its altitude, make 
it nearer 30 than 20 degrees. 
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XL Objerval/ons on a remarkable Meteor feen on the 18 th of 
Augufi, 1783, communicated in a Letter to Sir Jofeph Banks, 
Bart. P. R. S. By William Cooper, D. D . F. R. S. Arch* 
deacon of York. 


Read Jan. 15, 1784. 


Dear Sir, 


Hartlepool, near Stockton^ 
Aug, 19, 1783. 


N O perfon could have a better opportunity of difeerning 
this awful meteor than myfelf. The weather being, for 
\this climate, aftonilhingly hot, my Fahrenheit’s thermome¬ 
ter, on a north pofition, and in the open air, having for feve- 
ral days preceding graduated between the hours of ten o’clock 
in the morning and feven o’clock in the evening from 74 0 to 
82°, I fet out upon a journey to the fea-fide. The weather 
was fultry, the atmofphere hazy, and not a breath of air 
ftirring. Towards nine o’clock at night it was fo dark, that I 
could fcarcely difeern the hedges, road, or even the horfes 
heads. As we proceeded, I obferved to my attendants, that 
there was fomething Angularly firiking in the appearance of the 
night, not merely from its fiillnefs and darknefs, but from.tho 
fulphureous vapours which feemed to furround us on every fide.. 
In the midfi of this-gloom, and on an inftant, a brilliant tre¬ 
mulous light appeared to the N. W. by N. At the firft it- 
feemed fiationary ; but in a finall lpace of time it burft from its- 
pofition, and took its courfe to the $. E. by E. It pafifed di- 

vc&l y 
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redly over our heads with a buzzing noife, feemingly at the 
height of fixty yards. Its tail, as far as the eye could form any 
judgement, was about eight or ten yards in length. At laft, 
this wonderful meteor divided into feveral glowing parts or 
balls of fire, the chief part (till remaining in its full fplendor. 
Soon after this I heard two great explofions, each equal to tha 
report of a canon carrying a nine-pound ball. During its 
awful progrefs, the whole of the atmofphere, as far as I could 
difeern, was prrfedly illuminated with the moft beautifully 
vivid light l ever remember to have feen. The horfes on which 
we rode fhrnnk with fear; and fome people whom we met upon 
the road declared their coufternation in. the moft expreffive 
terms. 

I,have the honor to be, fife.. 

William Cooper. 
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XIL An Account of the Meteor of the iZtb of Augufts, 1783. In 
a better from Richard Lovell Edgeworth, Efq. F.R.S. to 
Sir Jofeph Banks, Bart. P. R. S. 

Read Jan. 15, 1784. 


DEAR SIR* Edgeworth flown, Mullingar, Ireland* 

A T half paft nine in the evening of the 18th of Auguft, I 
faw the meteor which has been obfcrved in fo many 
different places. 

Its fize appeared to be about one third of the moon’s diame¬ 
ter ; and it moved from the north with an equable velocity, at 
an elevation of ten or twelve degrees, and in a line parallel to 
the horizon. 

It was vifible during ten or fifteen feconds, and feemed to be 
of a parabolic figure, with a luminous tail, twenty or five and 
twenty of its diameters in length. 

It exhibited the moft vivid colours ; the foremoft part being 
of the brighteft blue, followed by different (hades of red. 
Twice during its flight it was eclipfed or extinguifhed, not 
gradually, but* at once, immerging and emerging with undi- 
minifhed luftre. 

I (hall not venture to trouble you with any conjeftures upon 
the nature of this phenomenon, as it is probable, that the 
fubjeft has been fully difculfed long before this time by your 
friends in London. I am, &c. 
fcpt. 5 ,1783. Richard Lovell Edgeworth. 

1 
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XIII. Experiments on Air. By Henry Cavendifh, Efq. 
F.R.S. & S. A/ 

Read Jan. 15, 1784. 

T HE following experiments were made principally with a 
view to find out the caufe of the diminution which 
common air is well known to fuffer by all the various ways in 
which it is phlogifticated, and to difcover what becomes of the 
air thus loft or condenfed; and as they feem not only to de¬ 
termine this point, but alfo to throw great light on the con- 
ftitution and manner of production of dephlogifticated air, I 
hope they may be not uuworthy the acceptance of this fo- 
ciety. 

Many gentlemen have fuppofed that fixed air is either gene¬ 
rated or feparated from atmofpheric air by phlogiftication, and 
that the obferved diminution is owing to this caufe; my firft 
experiments therefore were made in order to afeertain whether 
any fixed air is really produced thereby. Now, it muft be ob¬ 
ferved, that as all animal and vegetable fubftanccs contain fixed 
air, and yield it by burning, diftillation, or putrefa&ion, no¬ 
thing can be concluded from experiments in which the air is 
phlogifticated by them. The only methods I know, which are 
not liable to objection, are by the calcination of metals, the 
burning of fulphur or phofphorus, the mixture of nitrous air, 
and the explofion of inflammable air. Perhaps it may be fup¬ 
pofed, that I ought to add to thefe the ele&ric fparkj but I 

think 
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think k much moil likely, that the phlogiftication of the air, and 
production of fixed air, in thisprocefs, is owing to the burning 
of fome inflammable matter in the apparatus. When the 
jfpark is taken from a folutioti of tournfol, the burning of the 
tournfol may produce this effect; when it is taken from lime- 
water, die burning of fome foulnefs adhering to the tube, or 
perhaps of fome inflammable matter contained in the lime, 
riiay have the fame effeCt; and when quickfilver or metallic 
knobs are ufed, the calcination of them may contribute to the 
phlogiftication of the air, though not to the production of fixed 
ah. 

There is no reafon to think that any fixed air is produced by 
the firft method of phlogiftication. Dr. Priestley never found 
lime-water to become turbid by the calcination of metals over 
it* : Mr. Lavoisier alfo found only a very flight and fcarce 
perceptible turbid appearance, without any precipitation, to take 
place when lime-water was fhaken in a glafs veflel full of the 
air in which lead had been calcined; and even this fmall dimi¬ 
nution of tranfparency in the lime-water might very likely 
arife, not from fixed air, but only from its being fouled by par¬ 
ticles of the calcined metal, which we are told adhered in fome 
places to the glafs. This want of turbidity has been attributed 
to the fixed air uniting to the metallic calx, in preference to the 
lime; but there is no reafon for fuppofing that the calx con¬ 
tained any fixed air ; for I do not know that any one has ex¬ 
tracted it from calces prepared in this manner; and though 
moft metallic calces prepared over the fire, or by long expofure 
to the atmofphere, where they are in contatt with fixed-air, 
contain that fubftance, it by no means follows that they mull 

do 
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dofo whe& prepared by methods in which they are not in coa¬ 
ts# with it. 

Pr. Priestley alfo obferved, that^jii^ijp^^Hded by the 
addition of lead or tin, depofitsa powder by Ration and expo¬ 
sure to the air, which >eorjfifts in great meafure of the calx of 
the imperfect metal. He found too fome powder of this kind 
to contain fixed air * j but it is by no means clear that this air 
was produced by the phlogifticatiorv of,the air in which the 
-quickfilver was ftiaken; as the powder was not prepared on 
purpofe, but was procured from quiekfilftf fouled by having 
been ufed in various experiments, and may therefore have con¬ 
tained other impurities befidesthe metallic calces, 

I never heard of any fixed air being, produced by the burning 
of fulphur or phofphorus; hut it has been afferted, and com-* 
monly believed, that lime water is rendered cloudy by,a. mix¬ 
ture of common and nitrous air; which, if true* would be : a 
convincing proof that on mixing thofe two fuhftancea fome 
-fixedair is either generated or feparated; I therefore examined 
this carefully. Now it muft be obferved, that as common air 
ufually contains a, little fixed air* which is no eflential part of 
it, but is eafily fepa rated by lime-water; and, as nitrous air may 
alfo contain fixed: air, - either if the metal: from which it ispro- 
cured be ruftyyor if the water of the veffel in which it 
caught contain calcareous earth, fufpendad by fixed air, a s ; 
iwatersdo, it is proper firfttio, free both airs f«*n it by previouf- 
ly waffling them with lime water -t* Now 1 found, by repeat- 

* .1' m 
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■fTOougli fixed ait i» ; aWorbed incotriUktfable ^ttantity ty water, .*11 fliewed 
ip Phil. T«nf. voULVl. yet it h uht eafy to deprive common sir of til the fixed 
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■ ed experiments,. that if the lime water was clean, Iftd the Wo 
airs were previoufly wafhed with that fubflance, not the lefift 

was produced, either immediately on mixing them, or 
On fuffering them to Hand Upwards of an hour, though if ap¬ 
peared by the thick cloudy,which were produced in the lime 
water, by breathing through it after the experiment was finifh- 
ed, that it Was more than fufficient to faturate the acid formed 
by the decompofitibn of the nitrous air, and confequently that 
: if any .fixed air had been produced, it muft have become vifr* 

■ bid/- f i Once indeed I found a fmall cloud to be formed on the 
fOr-face, after the mixture had flood a few minutes. In this ex¬ 
periment the lime water was not quite clean ; but whether the 
Cloud was owing to this circumftance, or .to the ak’s having not 
been properly wafhed, I cannot pretend to fay. 

‘ Neither does any fixed air feem to be produced by the explo- 
fion of the inflammable air obtained from metals, with either 
common or dephlogiflicated air. This 1 tried by putting a little 
dime*water info k glafs globe fitted with a brafs cock, fo as to 
make it air tight, and an apparatus for firing air- by ele&ricity. 
This globe was exhaufted by an air-pump, and the two airs, 
which had been previoufly Wafhed with lime-water, let in, and 
• differed to remain fome time, to fhew whether they would 
affe£t the lime water, and then fired by ekdricity. The event 
was, that not the leaft cloud was produced in the lime-water, 
when the inflammable air was mixed with common air, and 

' ’ , i \\ , . ' 

, 1 * 4 * * 

air contained in it by means of water. On lhaking a mixture of ten parts of com* 
mon air, and one of fixed air, with more than an equal bulk of diftilled water* 
not more than half of the fixed air was abfoxbed, and on transferring the aifjnto 
? diftilled water ppty half the remainder was abforbed, a* appeared by the di* 
f mmtioa which it $11 fuffipre^ pn adding lime water* 
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only a verj^ flight one, or rather diminution of tranfparency, 
when it wais combined with dephiogifticated air. This, how¬ 
ever, feemed not to be produced by fixed air; as it appeared in- 
ftantly after the explofion, and did not increafe on landing, 
and was fpread uniformly through the liquor; whereas if it 
had been owing to fixed air, it would have taken up fome Ihort 
time before it appeared, and would have begun fir ft at the fur-, 
face, as was the cafe in the abovementioned experiment with 
nitrous air. What it was really owing to 1 cannot pretend 
to fay ; but if it did proceed from fixed air it would fhevv that 
only an excefiively minute quantity was produced *. On the 
whole, though it is not improbable that fixed air may be gene¬ 
rated in fome chymical proceffes, yet it feems certain that it is 
not the general effect of phlogifticating air, and that the dimi¬ 
nution of common air is by no means owing to the generation 
or leparation of fixed air from it. 

As there feemed great reafon to think, from Dr. Prieftley’s 
experiments, that the nitrous and vitriolic acids were conver¬ 
tible into dephiogifticated air, I tried whether the dephiogifti¬ 
cated pact of common air might not, by phlogiftication, be 
changed into nitrous or vitriolic acid. For this purpofe I im¬ 
pregnated fome milk of lime with the fumes of burning fulphur, 
by putting a little of it into a large glafs receiver, and burning 
• fulphur therein, taking care to keep the mouth of the receiver 
ftopt till the fumes were all abforbed ; after which the air of 
the receiver was changed, and more fulphur burnt in it as 
before, and the procefs repeated till 122 grains of fulphur wet• 
confumed. The milk of lime was then filtered and evaporated, 
but it yielded no .nitrous fait, nor any other fubftance except 
felenite ; fo thatno’fenfible quantity of the air was changed 

« * Dr* Pr lEsriEY alfo found no fixed air to be produced by the explofion of in¬ 
flammable and common air* Vol. V, p. 114. 
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ft mriff be bl^ved, that a* .f£p' vi miaftr 
acid J^fl&uced by the burning fulphur is changed by its unid* 

' the lime into felenite, which is very little foluble iti 
‘a/iSsbfar, 1 a very fmall quantity of nitrous fait, or any other fub- 
ftance which is foluble in water, would have been perceived. 

' f alfb tried whether any nitrous acid was produced by phlo- 
gifticating common air with liver of fulphur; for this purpofe 
I made a folution of flowers of fulphur by boiling it with lime, 
and put a little of it into a large receiver, and {hook it fre¬ 
quently, changing now and then the air, till the yellow co¬ 
lour of the folution was quite gone; a fign that all the fulphur 
was, by the lofs of its phlogifton, turned into vitriolic acid, and 
united to the lime, or precipitated ; the liquor was then filtered 
and evaporated, but it yielded not the leaft nitrous fait. 

The experiment was repeated in nearly the fame manner 
with dephlogifticated air procured from red precipitate; but 
hot the leaft nitrous acid was obtained. 

It is well known that common felenite is very little foluble 
in #ater ; whereas that procured in the two laft experiments 
was very foluble, and even cryftallized readily, and was in- 
ten fely bitter; this however appeared to be owing merely to 
the acid with which it was formed being very much phlogif- 
ticated; for on evaporating it to drynefs, and expofing it to the 
air for a few days, it became much lefs foluble, fo that on® 
adding water to it not much diflolved; and by repeating this 
procefs once or twice, it feemed to become not more foluble than 
felenite made in the common manner. 

This lolubility of the felenite caufed fome trouble in trying 
the experiment; for while it continued much foluble it would 
have been impoflible to have diftinguifhed a fmall mixture of 
nitrous fait; but by the abovementioncd procefs I was able to 

diftingoilh 
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diS^ii#^ %ali a proportion as if the felenite had been oji- 
giaalty. no more fbluble than ufual. 

Tins nature of the neutral falts made with the phlogifticated 
vitriolic and nitrous acids has not been much examined by the 
chymifts, though it feems well worth their attention ; and it 
is likely that many belides the foregoing may differ remarkably 
from thofe made with the fame acids in their common ftate. 
Nitre formed with the phlogifticated nitrous acid has been 
found to differ confiderably from common nitre, as well as Sal. 
Polychreft from vitriolated tartar. 

In order to try whether any vitriolic acid was produced by 
the phlogiftication of air, I impregnated fifty ounces of diftilled 
water with the fumes produced on mixing fifty-two ounce 
meafures of nitrous air with a quantity of common air fufficient 
to decompound it. This was done by filling a bottle with 
fbme of this water, and inverting it into a bafoif of the fame, 
and tlien, by a fyphon, letting in as much nitrous air as filled 
it half-full; after which common air was added flowly by the 
lame fyphon, till all the nitrous air was decompounded. When 
this was done r the diftilled water was further impregnated in 
the fame manner till the whole of the abqvementioned quan¬ 
tity of nitrous air was employed. This impregnated water, 
which wa6 very fenfibly acid to the tafte, was diftilled in a glafs 
retort. The firft runnings were very acid, and fmelt pun¬ 
gent, being nitrous acid much phlogifticated; what came next 
had no fenfible tafte oc fmell; but the laft runnings were very 
acid, and confifted of nitrous acid not phlogifticated. Scarce 
any fediment was left behind. Thefe different parcels-of dif¬ 
tilled liquor were then exactly faturated 'with frit of tartar and 
evaporated; they yielded 8y{ grains of* nitre, which,.as far as 
I could perceive, was unmixed with, vitriolated tartar or any 

v other. 
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6ther ldbftance, and confequently no fenfible quantity o£ the 
common air with which the nitrous air was mixed was turned 
into vitriolic acid. 

' It appears,' from this experiment, that nitrous air contains as- 
much acid as 2| times its weight of faltpetre; fOr fifty-two 
ounce meafures of nitrous air weigh 32 grains, and, as was 
before faid, yield as much acid as is contained in 87} grains of 
feltpetre; fb that the acid in nitrous air is in a remarkably 
concentrated ftatc, and I believe more than 1 \ times as much fb 
as the ftrongeft fpirit of nitre ever prepared. 

Having now mentioned the unfiiccefsful attempts I made to 
find out what becomes of the air loft by phlogiftication, I pro¬ 
ceed to fbme experiments, which lerve really to explain the 
matter. 

In I>r. Priest ley’s laft volume of experiments is related 
an experiment of Mr. Warltirk’s, in which it is faid that, on 
firing a mixture of common and inflammable air by electricity 
ih aclofe copper veflel holding about three pints, a lofs of weight 
was always perceived, on an average about two grains, though 
the veflel was flopped in fuch a manner that no air could efcape 
by the explofion. It is alfo related, that on repeating the ex¬ 
periment in glafs veflels, the infide of the glafs, though clean 
and dry'before, immediately became dewy; which confirmed 
an opinion he had long entertained, that common air depofits 
its moifture by phlogiftication. As the latter experiment Teem¬ 
ed likely to throw great light on the fubjed I had in view, I 
thought it well worth examining more clofely. The firft ex¬ 
periment alfo, if there was no miftake in it, would be very ex¬ 
traordinary- aftd curious; but it did not fucceed with me ; for 
though the veflel I ufed held more than Mr. Warltire’s, 
mmely, '**4,000 grkiti's of water, and though the experiment; 

' was 


6 





Ki 


, Mt. Bxptrimtnis Im. Jitr* 

feveral times with different proporttohs of 


motiand inflammable air, I could never perceive a lofs of 

weight of more than one-fifth of a grain,..and commonly 

none at all. It muft be obferved, however,, that though there 

were fome of the experiments in which it feemed to diminish 

a little in weight, there were none in which it increafed 

In all the experiments, the. infide of the glafs globe became 

dewy, as obferved by Mr. Warltire ; but not the leaft footy 

matter could be perceived. Care was taken in all of them to 

find how much the air was dimioUhed by the explofion, and 

to obferVe, its teft. The refult is as follows: the bulk of the 

•% 

inflammable air being exprefied, in decimals of the common; 
air. 


Common air. 

■ ! '■ ! 

Inflammable 

air* 

‘i 1 

Diminution. 

r 

Air remain¬ 
ing after the 
explofion. 

Tell: of this 
air * in firft 
method. 
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In thefe experiments the inflammable air was procured from , 
zinc, as it, was in,all my experiments, except where otherwife - 
expreffed: but I,made two more experiments, to tty whether 
there was any difference between the air from zinc and that 
from iron, thp quantity of. inflammable air being the fame in 
both, namely, 0,331 of the common; but ,1 could not s fitjd any 
, difference to be depended on between the two kinds of air, 
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_ * Dr. PfcreiTLEY, I am informed, hai fine* founddie eirperimeot • not to 
ieiowd,. j >" 
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" ^ft»m theWurth experimentit appears, that 4*3 tncafure* of 
'^Irtlfatriaiithla air ire nearly fufficient to Completely phlogifticate 
jt8X> of CbttHflon air; and that the bulk of the air remaining 
aftertheexplofion is then very little more than four*fifths of 
the cdmrtton airemployed; fo that as common air cannot be 
reduced to a much lefs bulk than that by any method of phlo- 
giftieatioh, we may fafely conclude, that when they arc mixed 
ln this proportion, and exploded, almoft all the inflammable 
ait, arid about bne-fifth part of the common air, lole their 
clafticity, abd are eondenfed into the dew which lines the 
,glafs. 

The better to examine the nature of this dew, 500000 grain 
meafures Of inflammable air were burnt with about 2 | times 
that quantity of Common aif» and the burnt air made to pafs 
•through a glafs cylinder eight feet long and three-quarters of 
an irich in diameter, in order to depofit the dew. The two 
airs 'Were 1 conveyed {lowly into this cylinder by feparate cop¬ 
per'pipes,! parting through a brafs ; plate which" flopped up the 
•end of the cylinder; and as nfeither inflammable nor common 
air can b&m by themfelves, there was no danger of the flame 
^p^a^Hg'iAip^Irh’e'm^zhifes^m^ddiich they'virere conveyed. 
E&ch of thMe magazines confifted of a large tin veffel, in¬ 
serted ' iiitb kdorfiCir VCffel jrift bigjerioughto 1 receive it. The' 
f Sflher ; ve!ftl add tfee'aSr 

li wfts lorded otit' of it by pouririg'ivater into the outer* vCffel % 
'and in ofder thkt the quantity of Common air expelled fhoujd 
*6e ii fifties 'that 6f the Inflamiriabie, 5 the' water was let ihto 
f the outer veflels by two boles in the bottom of the lame tin 
pan* the hole which conveyed the water into that veflel in 

which 


diminution which they fufleifed by the 
the'burnt air. 
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vrhM\ jtbe < common air was confined being 2$ times as big' ai 

' ‘In trying the expedient, the magazines being fiift filial 
WrMi their reipe&ive aits, the glafs cylinder was taken off, and 
Water let, by the two holes, into the outer veflels, till the airs 
began to iffue from the ends of the copper pipes; they were 
then fet on fire by a candle, and the cylinder put on again in 
its place. By this means upwards of 135 grains of water were 
Condenfed iii the cylinder, which had no tafte nor fmell, and 
Which left no fenfible fediment when evaporated to drynefe; 
neither did It yield any pungent fmell during the evaporation j 
in fliort, it feeroed pure water. 

In my fir ft experiment, the cylinder near that part where 
the air was fired was a little tinged with footy matter, but 
very (lightly fo; and that little feetned to proceed from the 
putty with which the apparatus was luted, and which was 
heated by the flame; for in another experiment, in which it 
was contrived fo that the luting (hould not be much heated, 
fcarce any footy tinge could be perceived. 

By the experiments with the globe *it appeared, that when 
Inflammable and common air are exploded in a proper propor¬ 
tion, almoft all the inflammable air, and near one-fifth of the 
common air, lofe ’ their elafticity, and are condenfed into dew. 
And by this experiment it appears, that this dew is plain wa¬ 
ter, ahd confeqtiently that almoft all the inflammable air, and 
about one* fifth of the common air, are turned into pure water. 

In order to examine the nature of the matter condenfed. on 
firing a mixture Of dephlogifticattd and inflammable air, I took 
k glafs giobe^' holdmg 8800 grain* meafures, fumi(hed with a 
brafs cock and an apparatus for firing air by ele£tricity. This 
globe was well exhausted by an air-pump, and then filled with 
Vol. LXXIV. S a mixture 
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a mixture of inflammable and dephlogifticated air, by mU^tin^ 
the cock, fattening,* he«t,gUiS tub fi .jm.^,rqcyj:h, pnd letting, 
fcp the endtftf; it,into a,glais ja,r, ,pivested,,jntp,w^er» and con¬ 
taining a. mixture -of 19,500, grain measures of, dephlogifticated'. 
aki/.and.>3^ooo :! pf, inflangmal^e * r!; fo that,, upon-, opening the 
cock* femeof t this nailed air ; ru(hed through the ^nt tube,and 
filled the'globe *.<---The«<»k.]was/hen Ihuf, and the included; 
aim fired by eleclriqity, by. which means almoft all of it, loft its. 
elasticity. The epek-was .then, agaip ( opened,, fo. to let in* 
more of the. fame air, if tp Supply .the plaeo of that deftroyed by 
the explofion,. which was-again fired r and the operation copth* 
nued till almoft the. whole of the mixture jvas let into the- 
globe and.exploded,;. ; By, this, means, though the globe held 
not more than the Sixth part of the .mixture, almoft the whole 
of it was exploded, therein, without any frefti. exhauftion of 
the globe.. , > , i; , ,, • . 

. As I was deiirous to* try the quantity. and teft.of- this burnt 
air, without letting any water into the globe, which would 
have prevented- ;my examining the nature of the condenfed- 
matter, 1 took a-larger globe, .furniftred.alfo with a Slop cock,, 
exhaufted it -by an air-pump,, and Screwed it on upon the cock 
,of the former globe; upon which,, by opening both cocks, the 
air ruftied out qf, the Smaller globe into ^he larger, till it be¬ 
came of eqpahdenSity in bothy then,, by Shutting the cock of 
-the larger globe,, unferewing. it- again from the former, and 
jepening.it under vyater,. I was enabled to find the quantity of 
site burnt ,air..ia, it 7 .and! consequently, as tlie proportion, 
which the contents-of. the two globes bore to-each other was- 

,5 O “ 

' In order to preveirt xny water from getting into this tube,. white dipped 
^tSndfcr watter t<* I«t nt+w£Un$ouhe |hla.jaa;*. a., bit; 9 ! jira# ^uc^yUpon the 

end of itj which was rubbed off when raifed above the furface of the water* * 

known* 
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Ten own, could* tell the quantity oF^tJFn^ai^in^Ihe fmall gybe 
^•Jefore the communication Was inade between Hfoem/ this 
means the Whole quantity of the - burnt drr Was found tO’fie 
2950 grain’ meafufe^ Its ftahdird Was 1,85. 1 » 

The liquor con den fed in the globe, 5 ’in weight about 30 
grains, was fenfibly acid to the tafte, and by faturation with 
t fixed alkali, and evaporation, yielded neat* two grains of nitre; 
fo that it confifted of Water united to a fmall quantity of ni¬ 
trous acid. No footy matter was depoftted )n the globe. The 
•dephlogifticated air ufed in this experiment was procured from 
red precipitate, that is, from a folution of quickfilver in fpirit 
of nitre diftilled till it acquires a red colour. 

As it was fufpefled, that the acid contained in the condenfed 
•liquor was no eflential part of the dephlogifticated air* but Was 
owingto fome acid vapour which cattaeoVter in making it and had 
not been abforbed by the water, the experiment was repeated'in 
the fame manner, with fome more of the ftimeair, which had 
been previoufly waftied with' Water, by keeping it t day or tWo 
in a bottle with fome water, and fhakingit frequently; whereas 
that ufed in the preceding experiment had never palled through 
water, except in preparing it. The condenfed liquor was ftili 
acid. • i 

The experiment was alfo repeated with dephlogifticated air, 
•procured from red lead by means Of oil of vitriol; the liquor 
condenfed was acid, but by an accident I was prevented from 

determining the nature of the acid.. i ( 

I alfo procured fome dephlogifticated air from the leaves of 
plants, in the manner of Do£tors Ingenhousz and Priestl®y, 
and exploded it with inflammable air a^ before; the condenfed 
liquor fill! continued ibid, and of the nitrous kind.' *• 

. i ‘' ‘ « * i * * ' In 
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il*M»U thefe experiments the proportion of inflammable air 
mH ftach, that the burnt air wfs not much phlogifticated; and 
It sraa obferved, that the lefs phlogifticated it was, the more; 
acidwas the condenfed liquor. I therefore made another expe¬ 
riment, with fome more of the fame air from plants, in which 
the proportion of inflammable air was greater, lo that the 
burnt air was aimoft completely phlogifticated, its ftandard 
being, .,&» TJbc coudenfed liquor was then not at all acid, but 
leetned pure water: fo that it appears, that with this kind of 
dephlogifticated air, the con deft fed liquor is not at all acid, 
when the two airs are mixed in fuch a proportion that the 
burnt air is aimoft completely phlogifticated, but is.confiderably 
io when it is not much phlogifticated. 

la order to fee whether the fame thing would obtain with 
air procured from red precipitate, I made two more experi¬ 
ments with that kind of air, the air in both being taken from 
the lame bottle, and the experiment tried in the fame manner, 
except that the proportions of inflammable air were different. 
In the firft, in which the burnt air was aimoft completely 
phlogifticated, the coudenfed liquor was not at all acid. In 
the lecond, in which its ftandard was 1,86, that is, not much 
jddogiftkated, it was confiderably acid; fo that with this air, 
as well as with that from plants, the condenfed liquor contains, 
or is entirely free from, acid, according as the burnt air is lifs 
or more phlogifticated; and there can be little doubt but that 
the fwne ruk obtains with any other kind of dephlogjfticatfcd 

In order to fee whether the acid, formed by the explofion-of 
dephlogiftscated air obtained by means of the vitriolic add, 
would alio be of the nitrous, kind, I procured fome air from, 
iwhhh mineral, and exploded it with inflammable air, the 

propow 



glycated. The condenfed liquor manifefted an acidity, whk» 
ap|(^(red, by faturation with a folution offaltof tarns, to be 
of the nitrons kind ; and it was found, by the addition of ferae 
terra pondercfa falka, to contain little or no vitriolic acid. 

When inflammable air was exploded with, common dr, in 
fuch a proportion that the ftandard of the burnt air was about 
the condenfed liquor was not in the leaft acid. There is 
no difference, however, in thb- refpeft between common air, 
and dephlogifticated air mixed with phlogifticated in fuch a 
proportion as to reduce it to the ftandard of common dr; for 
fome dephlogifticated dr from red precipitate, being reduced 
to this ftandard by the addition of perfectly phlogifticated air, 
and then exploded with the feme proportion of inflammable 
air as the common air was in the foregoing experiment, the 
condenfed liquor was not ki the leaft acid. 

From the foregoing experiments it appears, that when* a 
mixture of inflammable and’ dephlogifticated air is exploded in, 
fuch proportion that the burnt air is not much phlogifticated, 
the condenfed liquor contdns a little acid, which is dways of 
the nitrous kind, whatever fubftance the dephlogifticated dr is 
procured from; but if the proportion be fiich that the burnt 
dr is almoft entirely phlogifticated, the condenfed. liquoris. 
not at dl acid’, but feems pure water-, without any addition, 
whatever; and as, when they are mixed in that proportion, 
very little air remains after the explolion, almoft the whole 
being condenfed, it follows, that almoft the whole of diet in- 
flammable and dephlogifticated air is converted into pure wa¬ 
ter. It is not eafy, indeed, to determine from thefe experi¬ 
ments what proportion the burnt air, remaining after the explo- 
fions/bore W the dephlogifticated ah employed, as neither the 
r ■. * i. finalli 
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•ffmall nor the ; large globe, cp#Ld be perfe&ly exhauftcd of air, 
•and there was no faying, with exadbnefs what quantity was t left 
4 n them.; but in maft of them, after allowing for. this unc$r- 
'tainty, the true quantity of: burnt air, feezed not more than 
V T th of the dephlogifticated air employed, or . s ' r th of the mix¬ 
ture. It feems, however, uimeceflary to determine ’this point 
exactly, as the quantity is fo fmall, that there can be little doubt 
but that it proceeds only from the impurities mixed with the 
dephlogifticated and inflammable, air, apd-confequently that, 
if thefe airs could be obtained .perfptUy .pure, the, whole would 
Jbe condenfed. 

-With, Tefped to common air, and dephlogifticated air re¬ 
duced by the addition of phlpgifticated air to the ftandard 
of common air,- the cafe ns different;; as the liquor condenfed 

■ au exploding them with inflammable air, I believe I may fay in 
■any proportion, is not at all acid ; perhaps, .becaufp .if, they arc 

■ mixed- imfuch a proportion as that the.burnt .air. is not much 
-.’phlogiftiaitcd, ,tliq explofion .is top ; weak, and not accompanied 

with.fuffioient heat. 

• All the foregoing experiments, on theexplofionof jnflam- 
;-mable .ail-with .cqmmoti and dephlogifticated airs, except thole 
j which delate 'to the caufe -of the acid found in the water, were 
r-maderinbthe ,-fummer of the year 1781, and were mentioned 
niby:.me ;to:Di- iPRn:sTLEY, who, in confeqqe.noe of it made 
v fame experiments of the fame, kind, ap .he relates in. a ppper 
- minted in the .preceding volume of the Tranfa&ions., j During 
•■thelaft fummer :alfo, a friend of mine , gave fome accpuift of 
••them to - M. Lavoisier, as well as of the. conclufion drawn 
-from them, that dephlogifticated ,air is qnly water deprive^.of 
••^hlogifton.; but at that time fp far was. M. LAV.ojsiEit.frpra 
4 «bioking any bach opinioa warranted, that, tiff hewas.pre- 
: i y ailed 
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Vailed upon to repent the experiment himfelf, he found fomfc 
difficulty in believing th'a£ nearly the whole of the two airs 
Could be Converted into water, ft is remarkable, that neither 
of thefe gentlemen found any acid in the water produced by 
the combuftion ; which might proceed from the latter having 
burnt the tWo airs in a different manner from what I did ; and 
from tfic former having ufed a different kind of inflammable air, 
‘namely, that from Charcoal,, and perhaps having ufed a greater 
proportion of itr. 

Before I enter into the caufe of thefe phaenomena, it will be 
proper to take notice, that phlogifticated air appears to be no¬ 
thing elle f hah the nitrous acid united to phlogiffon ; for when 
nitre is deflagrated With charcoal, the acid is almoft entirely 
converted Into this'kind of air. T-hat the acid is entirely con¬ 
verted info aiv, appears from the common procefe for makinjg 
what is called cl'yffus of nitre'’; for if the nitre and charcoal' 
are dry, fcnrCe any thing is- 'found in the veflels prepared'for 
coiidenfirtg r the ! ftrmes'; but if they are moift 1 a ‘little liquor is 
collected, which is'doth mg but the water eOntaineduH' the-ma- 
terials/hnprCgrfated Hvith 'a little’volatile alkali, t proceeding in 
all probability froha the imperfectly bltriit charcoal, and a little 
fixed alkali, ’ cHnfilfliifg of fome of the alkalized nitre carried 
oVer by the*Mat add'Watery vapours* As far as I-can perceive 
too, at prcfeht, the air into Which much the greateft part of 
the acid is 'cO’hVerted/Xliffers in no'refpeft from common air 
‘phlogiffickfrd.. *A : final! part of the acid, however, is turned into 
nifrdti^ a r ir,'‘ ; and the' whole-is mixed With a good deal of fixed, 
'and’pCfhaps akRttld^hflPnmable air, both proceeding from the 
'ihafcdal. _ 

'If is Well kfioWn, that’ the-mthftis acid is alfo converted by 
*liitrcma'Wiriii' Whfch refped - there feems. at 

conliderable: 
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-tonfiderable analogy between that and the vitriolic acid; for 
the vitriolic acid, when united to a (mailer proportion of phlo* 
gifton, forms the volatile fulphureous acid and vitriolic acid air, 
both of which, by expofure to the atmofphere, lofe their phlo¬ 
gifton, though not very fart, and are turned back into vitriolic 
■acid 5 but, when united to a greater proportion of phlogifton, it 
forms fulphur, which (hews no ligns of acidity, unlefs a fmall 
degree of affinity to alkalies can be called fo, and in which the 
phlogifton is more ftrongly adherent, fo that it does not fly off 
When expofed to the air, unlefs affifted by a heat fufficient to 
fet it on fire. In like manner the nitrous acid, united to a cer¬ 
tain quantity of phlogifton, forms nitrous fumes and nitrous 
air, which readily quit their phlogifton to common air; but 
when united to a different, in all probability a larger quantity, 
it forms phlogifticated air, which (hews no figns of acidity, 
■and is (fill lefs difpofed to part with its phlogifton than fulphur. 

This being premifed, there feem two ways by which the 
•phsenomena of the acid found in the condenfed liquor may be 
■explained 5 firft, by fuppofing that dephlogifticated air con¬ 
tains a little nitrous acid which enters into it as one of its 
■component parts, and that this acid, when the inflammable 
air is in a fufficient proportion, unites to the phlogifton, and 
is turned into phlogifticated air, but does not when the inflam* 
tnable air is in too fmall a proportion ; and, fecondly, by fup¬ 
pofing that there is no nitrous acid mixed with, Or entering 
into the compofition of, dephlogifticated air, but that, when 
this air is in a fufficient proportion, part of the phlogifticated 
air with which it is debafed is, by the ftrong affinity of phlo¬ 
gifton to dephlogifticated air, deprived of its phlogifton and 
turned into nitrous acid; whereas, when the dephlogifticated 
air is not more than fufficient to confume the inflammable air, 

none 
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Hone then remains to deprive the phlogifttcated ait of Its phlo¬ 
gifton, and turn it into acid. 

If the latter explanation Be true, I think,' we muft allow 
that dephlogifticated air is in reality nothing but dephlogifti¬ 
cated water, or Water deprived of its phlogifton; or, in other 
Words, that water COilfifts of dephlogifticated air united to 
phlogifton j and that inflammable air is either pure phlogifton', 
as Dr. pRifisTLfiY and Mr. KirwaN fuppofe, or elfe water 
united to phlogifton * \ lince, according to this ftippofition, 
thefe two fubftances united together form pure water. On the 
other hand, if the firft explanation be true, we muft fuppofe 
that dephlogifticated air con lifts of water united to a little 
nitrous acid and deprived of its phlogifton; but ftill the ni¬ 
trous acid in it muft make only a very fmall part of the whole, 

* Either of thefe fuppofitions will agree equally well with the following expe¬ 
riments \ but the latter feems to me much the mo ft likely. What principally 
makes me thkik fo is> that comtnoa or dephlogifticated air do not abfoih phlo¬ 
gifton from inflammable air, unlcfs aflifted by a red heat, whereas they abforb 
the phlogifton of nitrous air, liver of fulphur, and many other fubftances, with¬ 
out that affiftance; and it feems Inexplicable, that they (hould icfufe to unite to 
pure phlogifton, when they arc able to extract it from fubftances to which it has an 
affinity; that is, that they ftiould overcome the affinity of phlogifton to other 
fubftances, and extra<& it from them, when they will not even unite to it when 
presented to them. On the other hand, I know no e^tperiment which (hews 
inflammable air to be pure phlogifton rather than an uiwon of it with water, 
unlcfs it be Dr. Pa *estley’s Experiment of expelling Inflammable air from iron 
by heat alone. I am not fufficiemly acquainted with the circumftances of that 
experiment to argue with certainty about k; but I think it mpeh mpj$ lifccly, 
that the inflammable air was formed by the union of the phlogifton of the iron 
filings with the water difperfed among them, or contained in"the retort or other 
Veflel in which it was # heated ) and in all probability this was the caufc of the 
Reparation of the phlogifton, as iron feems not dt^>ofqd to part with its phlo* 
£r(lon by heat alone, without being aflifted by the air or fame other fubfthacc. 

Vol LXXIV. T 
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as k is found, that the phlogifticated air, which it is converted 
into, is very ftrrall in comparifon of the dephlogifticated air.,,, 

1 think tbe fecond, of thefe explanations feetns much the 
jlXrft likely; as it was found, that the acid in the condenfyl 
liquor was of the nitrous kind, not only when the dephlo- 
jpfticatcd air was prepared from red precipitate, ,but alfo when 
k was procured from plants or from turbith mineral: and it 
ieeetps not likely, that air procured from plants, and ftiil lefs 
likely that air procured from a folution of mercury in oil of 
vitriol, Ihould contain any nitrous acid. 

Another ftrong argument in favour of this opinion is, that 
dephlogifticated air yields no nitrous acid when phlogifticated 
by liver of fulphur; for if this air contains nitrous acid, and 
yields it when phlogifticated by explofion with inflammable air,, 
it is very extraordinary that it Ihould not do fo when phlogifti¬ 
cated by other means. 

But what forms a ftronger and, I think, almoft decifive 
argument in favour of this explanation is, that when the de- 
phlpgifticated air is very pure, the condenfed liquor is made 
much more ftrongly acid by mixing the air to be exploded with 
a little phlogifticated air, as appears by the following expe¬ 
riments. 

A mixture of 18500 grain meafures of inflammable air with 
9750 of dephlogifticated air procured from red precipitate were 
exploded in the ufual manner; after which, a mixture of the 
fame quantities of the fame dephlogifticated and inflammable 
air, with the addition of 2500 of air phlogifticated by iron 
filings and fulphur, was treated in the fame manner. The 
condenfed liquor, in both experiments, was.acid, but that in 
the latter evidently more fo, as appeared alfo by faturating 
each of them feparately with marble powder, and precipitating 

7 the 
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the earth by fixed alkali, the precipitate of the fccond experi¬ 
ment weighing one-fifth of a grain, and that of the firft 
being feveral times lefsi The ftahdard of the burnt air: in the 
firft experiment was x ,86, and in the fecond only 0,9. 

-• It muft be obferved, that all circumftances were the 
fame in thefe two experiments, except that in the latter the 
air to be exploded was mixed with fome phlogiflicated air, and 
that in confequenCe the burnt air was more, phlogiflicated tftah 
in the former; and from what ha# been before faid, it appears^ 
that this latter circumftance ought rather to have made the 
condenfed liquor lefs acid; and yet it was found to be much 
more fo, which (hews flrongly that it was the phbgifticated 
air which furnifhed the' acid, 

As a further confirmation of this point, thefe two compara¬ 
tive experiments were repeated with a little variation, namely, 
in the firft experiment there was firft let into the globe 1500 
of dephlogifticated air, and then the mixture, c«n filling of 
11200 of dephlogifticated air and 25900 of inflammable. Was let 
in at different times as ufual. In the fecond experiment, befidet 
the x 500 of dephlogifticated air firft let in, there was alfc ad* 
mitted 2500 of phlogiflicated air, after which the mixture, 
Confifting of the fame quantities of dephlogifticated and inflam¬ 
mable air as be ford, was let in as ufual. The condenfed liquor 
of the fecond experiment was about three times as acid as that 
of the firft:, as it required 119* grains of a diluted foiutian csf felt* 
of tartar to fatvrrate it, and theorher only 37. The ftaaiardof 
the burnt air was $-,78 in the fecond experiment, and 14916 in< 
the firft, 

The intention of previoufly fetting In fome dephlogifticated 
ait in tile two lafft ‘espefhwentfe wasy that tho coudeirfed liquor 
'■ I *F’U . . ■ : writ* 
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was expetted to become more acid thereby, as proved adually 

la be the cafe. ! ; ■ < 

: ;In'the firft of thefe two experiments* in order,that the air 
to be exploded Ihould be as free as poffible from common aifl* 
the globe was firft filled with a mixture of dephlogifticated and 
inflammable air, it was then exhaufted, and the air fro be ex* 

\ 

leaded let in ; by which means, though the globe was not pern 
fefiiy exhaufted, very little common air could be left in ib 
In the; firft fet of experiments this circumftance was not 
attended to, and the purity of the dephlogifticated air was 
forgot to be examined in both lets. 

. From what has been faid there feems the utmoft reafon t® 
think, that dephlogifticated air is only water deprived of its 
pfelogifton, and that inflammable air, as was before faid, is 
either phlogifticated water, or elfe pure, phlogifton ; but in all 
probability the former. 

As Mr. Watt, in a paper lately read before this Society, 
fuppofes water to confift of dephlogifticated air and phlogifton 
deprived iof part of their latent Heat, whereas I take no notice 
of the latter circumftance, it may be proper to mention in a 
few words the reafon of this apparent difference betwen us. If 
there be any fuch thing as elementary heat, it mull be allowed 
that what Mr. Watt fays is true ; but by the fame rule we 
ought td fay, that the diluted mineral acids confift of the con¬ 
centrated acids united to water and deprived of part of their 
latent heat; that folutions of fal ammoniac, and moft other 
other neutral falts, confift of the fait united to water and ele¬ 
mentary heat; and a fimilar language ought to be yfed in 
fpeaking of almoft all chemical combinations, as there are very 
few which are not attended with fome increafe or diminution 
of. heat# Now I have chofen to avoid this form of fpeaking, 

both 
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both becaufe I think it ,more likely that there is no fuch thing 
as elementary heat, and bccaufe faying fo in this inftance, 
without ufing funilar expreffions in fpeaking of other chemical 
tttrions, would be improper, and would lead tofalfe ideas; and 
It may even admit of doubt, whether the doing it in general 
would not caufe more trouble and perplexity than it is worth. 

There is the utmolt reafon to think, that dephlogifticated and 
phlogifticated air, as M. Lavoisier and Scheelb fuppofe, are 
quite diftinft fubftances, and not differing only in their degree of 
phlogiftication; and that common air is a mixture of the two* 
for if the dephlogifticated air is pretty pure, almoft the whole 
of it lofes its elafticity by phlogiftication, and, as appears by 
the foregoing experiments, is turned into water, inftead of 
being converted into phlogifticated air. In moft of the fore¬ 
going experiments, at leaft -^^ths of the whole was turned ihto> 
water; and by treating fome dephlogifticated air with liver of 
fulphur, I have reduced it to lefs than T Vth of its original bulk,, 
and other perfons, I believe, have reduced it to a ftill lefs bulk* 
fo that there feems the utmoft reafon to fuppofe, that the fmall 
refiduum which remains after its phlogiftication proceeds only 
from the impunities mixed with it. 

It was juft faid, that fome dephlogifticated air was reduced by 
liver of fulphur to T " T th of its original bulk; the ftandard of 
this air was 4,8, and confequently the ftandard of perfectly 
pure dephlogifticated air fhould be very nearly 5, which i$ a 
confirmation of the foregoing opinion; for if the ftandard of 
pure dephlogifticated air is 5, common air muft, according to 
this opinion, contain one-fifth of it, and therefore ought to lofe 
one-fifth of its bulk by phlogiftication* which is what it is* 
aftually found to lofe. , . . ; 

• • — ■ . ■ .i . .• : . • .’-aw i, ^roi^ 
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From what has been laid, it follows, that in Head of faying 
air is'jphlogifticated or dephlogifticated by any means, it would 
be more ftri&ly juft to fay, it is deprived of, or receives, *<an 
addition of dephlogifticated air ; but as the other exprcffion is 
Convenient, and can fcarcely be confidered as improper, 1 (hill 
ftill frequently make ufe of it in the remainder df this paper. 

U There feemed great reafon to think, from Dr. PhiestleV’s 
experiments, that both the nitrous and vitriolic acids were cam 
vertible into dephlogifticated air, as that air is procured in the 
greateft quantity from fubftances containing thofe acids, efpe- 
cially the former. The foregoing experiments, however, feem 
to fhew that no part of the acid is converted into dephlogifti- 
cated air, and that their ufe in preparing it is Owing only to 
the great power , which they poflefs of depriving bodies of 
their phlogifton. A ftrong confirmation of this is, that red pre¬ 
cipitate, which is one of the fubftances yielding dephlogifti¬ 
cated air in the greateft quantity, and which is prepared by 
means of the nitrous acid, contains in reality, no acid. This I 
found by grinding 400 grains of it with fpirits of fal ammo- 
matt, and keeping them together for fomc days iu a bottle* 
taking care to {hake them frequently. The red colour of th«t 
precipitate was rendered pile, but not entirety deftroyed; being 
tbe» walked with water and filtered, the clear liquor yielded 
on evaporation not the fcaft ammoniacal fait. > 

It is natural to think, that if any nitrous acid had 1 been co#» 
tamed in the ned precipitate, it would have united to the vola¬ 
tile alkali and have formed ammoniacal nitre, and would hare 
been perceived on evaporation; but hi order to determine marts 
certainty wbather this would he tins cafe, I dried, feme of tbft 
fame folution of quickfilver from which the red precipitate wttft 
prepared with a lefs heat, fo that it acquired only an orange 

colour, 
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tyojnujr,. and treated the fame qyanfify of .it with volatile alkali 
in tlite fame manner as before. It immediately caufed an cffer- 
ycfcQHce, changed the colour to grey, and yielded 52 grains 
of ammoniacal nitre. There is the utmoft reafon to think, 
therefore, that red precipitate contains no nitrous acid; and 
confequently that, in procuring dephlogifticated air from it, no 
acid is converted into air* and it is reafonable to conclude, 
therefore, that no fuch change is produced in procuring it from 
any other fubftance. 

It remains to confider in what manner thefe acids aft in 
producing dephlogifticated air. The way in which the nitrous 
acid afts, in the production of it from red precipitate, feems to 
be as follows. On diftilling the mixture of quickfilver and 
(pint of nitre, the acid comes over, loaded with phlogifton, in 
the form of nitrous vapour, and continues to do fo till the re¬ 
maining matter acquires its full red colour, by which time all 
the nitrous acid is driven over, but fome of the watery part ftiJI 
remains behind, and adheres ftrongly to the quickfilver; fo that 
the red precipitate may be confidered, either as quickfilver de¬ 
prived of part of its phlogifton, and united to a certain portion 
of water, or as quickfilver united to dephlogifticated air*; after 
which, on further increafing the heat, the water in it rifes 
deprived of its phlogifton, that is, in the form of dephlogifticated 

* Unleft we were much better acquainted than we are with the manner ii» 
which different fubftaneea are united' together irt compound bodies, it would be 
ridiculous to fay, that it h the quickfilver in the.red precipitate which is deprived 
of its phlogifton, and net the water, or ^hat it is the water and not the quickfilver; 
all that we can fay is, that red precipitate cohfifts of quickfilver and water, one 
or both of which are deprived o ! f part of their phlogifton. In hire manner, during 
the preparation of -the red precipitate, it is certain that the acid ‘abiorbs phlo¬ 
gifton, either from the quickfilver or the water; bo# : wp are by npmeaois ahthppftd 
to fey from which. 

air. 
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Air, and at the fame time the quickfiiver diftils over in its the* 
faljic form. It is juftly Remarked by Dr. PaiEstley, that the 
JjoUttkm of quickfiiver dues not begin to yield dephlogifticated 
Air till it acquires its red colour* 

MCrcufius calCmatus appears fo he ollly quickfiiver which 
has abforbed dephlogifticated air ffom the atmofphere during 
Jts preparation ; accordingly, by giving it a fufficient heat, the 
dephlogifticated aif is driven off, and the quickfiiver acquires 
its original form.. It feems therefore that mercurius calcinatus 
and red precipitate, though prepared in a different manner, are 
Very nearly the fame thing. 

From what has been faid it follows, that fed precipitate and 
inetcUriuscalcinatiis Contain as much phlogifton as the quick¬ 
fiiver they are prepared from ; but yet, as uniting dephlogifti- 
cated air to a metal comes to the fame thing as depriving it of 
part of its phlogifton and adding water to it, the quickfiiver 
may ftill be confidered as deprived of Its phlogifton ; but the 
imperfedt metals feem not only to abforb dephlogifticated air 
during their calcination, but alfo to be really deprived of part 
of their phlogifton, as they do hot acquire their metallic form 
by driving off the dephlogifticated air. 

In procuring dephlogifticated air from nitre, the acid a£ts in 
a different manner, as, upon heating the nitre red-hot, the de*' 
phlogifticated sir rifes mixed with a little nitrous acid, and at the 
fame time the acid remaining in the nitre becomes very much- 
phlogifticated; which fhews that the acid ahforbs phlogifton 
from the water in the nitre, and becomes phlogifticated, while 
the water is thereby turned into dephfogifticated air. On dif- 
titling 3155 grains of nitre in an unglazed earthen retort, it 
yielded 256000 grain meafures of dephlogifticated air*, the 

ftandard 

• This is, about cighty.one gram meafures from one grain of nitre; and the 

weizbt 
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ftandard of different parts of which varied from 3 to 3,65, but 
at a medium was 3,35. The matter remaining in the retort 
diflblved readily in water, and tafted alcaline and cauftic. On 
adding diluted ipirit of nitre to the fblution, ftrong red fumes 
were produced; a fign that the acid in it was very much phlo- 
gifticated, as no fumes whatever would have been produced on 
adding the fame acid to a lolution of common nitre; that part 
of the foiution alio which was fuperfaturated with acid became 
blue ; a colour which the diluted nitrous acid is known to af- 
fume when much phlogifticated. The foiution, when fatu- 
rated with this acid, loft its alcaline and cauftic tafte, but yet 
tafted very different from true nitre, feeming as if it had been 
mixed with fea-falt, and alfo required much lefs water to dif- 
iolvc it; but on expofmg it for fome days to the air, and add¬ 
ing frclh acid as faft as by the flying off of the fumes the al~ 
cali predominated, it became true nitre, umnixed, as far as I 
could perceive, with any other fait *. 

It has been remarked, that the dephlogifticated air procured 
from nitre is lefs pure, than that from red precipitate and many 
other fubftances, which may perhaps proceed from unglazed 
earthen retorts having been commonly ufed for this purpofe, 
and which, conformably to Dr. Priestley’s difeovery, may pof- 
fibly abforb fome common air from without, and emit it along 
with the dephlogifticated air; but if it fhould be found that the 
dephlogifticated air procured from nitre in glafs or glazed 
earthen veflels is alfo impure, it would feem to fhew that part 

weight of the dephlogifticated air, fuppofmg it 800 times lighter than water, is one 
tenth of that of the nitie. In all probability it would have yielded a much greater 
quantity of air, if a greater heat had been applied. 

* This phlogillication of the acid in nitre by heat has been obferved by Mr. 
ftcwfesLE ; fee his experiments on air and fire, p. 43, Enghfti tranflation. 
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of the acid in the nitre is turned into phlogifticated air, by ab» 

forbing phlogifton fiom the watery part. 

From what has been laid it appears, that there is a confider- 
able difference in the manner in which the acid a&s in the pro¬ 
duction of dephlogiflicated air from red precipitate and from 
nitre; in the former cafe the acid com^s over fir ft, leaving the 
remaining fubfhnce deprived of part of its phlogifton ; in the 
latter the dephlogifticated air comes firft, leaving the acid loaded 
with the phlogifton of the water from which it was formed. 

On diftilling a mixture of quickfilver and oil of vitriol to 
drynefs, part of the acid comes over, loaded with phlogifton,. 
in the form of volatile fulphureous acid and vitriolic acid air; fo 
that the remaining white mafs may be conftdered as confifting 
of quickfilver deprived of its phlogifton, and united to a certain 
proportion of acid and water, or of plain quickfilver united to 
a certain proportion of acid and dephlogifticated air. Accord¬ 
ingly on urging this white mafs with a more violent heat, the 
dephlogifticated air comes over, and at the fame time part of 
the quickfilver rifes in its metallic form, and alfo part of the 
white mafs, united in all probability to a greater proportion o£ 
acid than before, fublimes; fo that the rationale of the pro* 
du&ion of dephlogifticated air from tuibith mineral, and from 
red precipitate, are nearly fimilar. 

True turbith mineral confifts of the abovementioned whita 
mafs, well wafted with water, by which means it acquires a 
yellow colour, and contains much lefs acid than the unwafted 
mafs. Accordingly it feems likely, that on expofing this to 
heat, lefs of it ftould fublime without being decompounded, and 
confequently that more dephlogifticated air ftould be procured 
from .it than from the unwafted mafs. 

Thif 
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This is an inftance, that the fuperabuqdant vitriolic acid may, 
in fome cafes, be better extracted from the bafe it is united to 
by water than by heat. Vitriolated tartar is another inftance; 
for, if vitriolated tartar be mixed with oil of vitriol and expofed 
even to a pretty ftrong red heat, the mafs will be very acid ; 
but, if this mafs is ditlolved in water, and evaporated, the cry- 
flals will be not fenfibly fo. 

In all probability, the vitriolic acid afts in the fame manner in 
the production of dephlogifticated air from alum, as the nitrous 
does in its produftion from nitre ; that is, the watery part comes 
over firft in the form of dephlogifticated air, leaving the acid 
charged with its phlogifton. Whether this is alfo the cafe 
with regard to green and blue vitriol, or whether in them the 
acid does not rather aft in the fame manner as in turbith mine¬ 
ral, 1 cannot pretend to fay, but I think the latter more 
likely. 

There is another way by which dephlogifticated air has been 
found to be produced in great quantities, namely, the growth 
of vegetables expofed to the lun or day-light; the rationale of 
which, in all probability, is, that plants, when aftifted by the 
light, deprive part of tire water fucked up by their roots of its 
phlogifton, and turn it into dephlogifticated air, while the 
phlogifton uuites to, and forms part of, the fubftance of the 
plant. 

There arc many circumftances which fhew, that light has a 
remarkable power in enabling one body to abforb phlogifton 
from another. Mr. Senehier has oblcrved, that the green 
tinfture procured from the leaves of vegetables by fpirit of wine, 
quickly lofes its colour when expofed to the fun in a bottle not 
more than one third part full, but does not do fo in the dark, 
or if the bottle is quite full of the tinfture, or if the air in it 

U 2 is 
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is phloglfticated; whence it is natural to conclude, that the 
light enables the dephlogifticated part of the air to abforb 
phlogifton from the tin&ure ; and this appears to be really the 
cafe, as I find that the air in the bottle is confiderably phlogif- 
ticated thereby. Dephlogifticated fpirit ot nitre alfo acquires a 
yellow colour, and becomes phlogifticated, by expofure to the 
fun’s rays *; and I find on trial that the air in the bottle in 
which it is contained becomes dephlogifticated, or, in other 
words, receives an increafe of dephlogifticated air, which fliews 
that the change in the acid is not owing to the fun’s rays com¬ 
municating phlogifton to it, but to their enabling it to abforh 
phlogifton from the water contained in it, and thereby to pro¬ 
duce dephlogifticated air. Mr. Scheele alfo found, that the 
dark colour acquired by luna cornea on expofure to the light, 
is owing to part of the filver being revived ; and that gold, dif* 
folved in aqua regia and deprived by diftillation of the nitrous 
and fuperfluous marine acid, is revived by the fame means; 
and there is the utmoft reafon to think, that, in both calcs, the 
revival of the metal is owing to its abforbing phlogifton from 
the water. 

Vegetables feem to confift almoft intirely of fixed and phlo- 
gifticated air, united to a large proportion of phlogifton and fiome 
water, ftnee by burning in the open air, in which their phlogifton 
unites to the dephlogifticated part of the ntmofphcre and forms 

* If fpirit of nitre is chftillrd with a very gentle heat, the part which comes 
over is high coloured and fuming, and that which remains behind is quite colour- 
lefs, and fumes much lefs than other nitrous acid of the fame ftrength, and the 
fumes are colourlefs. This is called dephlogifticated fpirit of nitre, as it appear* 
to b«r really deprived of phlogifton by the procefs. The mariner of preparing it, 
as well as its property of regaining its yellow colour by expofure to the light, is 
mentioned by Mr. Scheele in the Stockholm Memoirs, 1774, 

water^ 
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Water, they feem to be reduced almoft intirely to water and 
thole two kinds of air. Now plants growing in water without 
earth, can receive nourilhment only from the water and air, 
and muft therefore in all probability abforb their phlogifton 
from the water. It is known alfo that plants growing in the 
dark do not thrive well, and grow in a very different manner 
from what they do when expofed to the t light. 

From what has been laid, it feems likely that the ufe of light, 
in promoting the growth of plants and the produftion of 
dephlogifticated air from them, is, that it enables them to 
ablorb phlogifton from the water. To this it may perhaps be 
objected, that though plants do not thrive well in the dark, yet 
they do grow, and Ihould therefore, according to this hypo- 
thefis, ablorb water from■ t b c "irtmofpher,e, and yield dephlo¬ 
gifticated air, wliich they have not been found to do. But WS 
have no proof that they grew at all in any of thole calcs in 
which they were found not to yield dephlogifticated air; for 
though they will grow in the dark, yet their vegetative pow¬ 
ers may perhaps at firft be intirely checked by it, elpecially 
conlidering the unnatural fituation in which they muft be 
placed in fuch experiments. Perhaps too plants growing in 
the dark may be able to abforb phlogifton fiom water not 
much impregnated with dephlogifticated air, but not bom 
water ftrongly impregnated with it; and conlcqucntly, when 
kept under water in the dark, may perhaps at firft yield lome 
dephlogifticated air, which, inftead of rifing to the lurface, 
may be abforbed by the water, and, before the water is lb 
much impregnated as to fulFer any to elcape, the plant may 
ceafe to vegetate, ualcfs the water is changed. Unlefs there" 
fore it could be Ihewn that plants growing in the dark, in 
water alone, will increafe in iize, without yielding dephlo¬ 
gifticated 
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gifticated air, and without the water becoming more impregnated 
with it than before, no objection can be drawn from thence. 

Mr. Senebier finds, that plant s yield much more dephlogifti- 
catcd air in diftilled water impregnated with fixed air, than in 
plain diftilled water, which is perfectly conformable to the 
abovementioned hypothefis ; for as fixed air is a principal con- 
ftituent part of vegetable fubftances, it is reafonable to fuppofe 
that the work of vegetation will go on better in water con¬ 
taining this fubftance, than in other water. 

There are feveral memoirs of Mr. Lavoisier publilhcd by 
the Academy of Sciences, in which he intirely difeards phlo- 
gifton, and explains thole phenomena which have been ufualty 
attributed to the lofs or attradlion of that fubftance, bv the ab- 
forption or cxpullion of dephlogifticated air; and as not only 
the foregoing experiments, but moft other pluenomena of na¬ 
ture, feem explicable as well, or nearly as well, upon this as 
upon the commonly believed principle of phlogifton, it may 
be proper briefly to mention in what manner I would explain 
them on this principle, and why I have adhered to the other. 
In doing this, I {hall not conform ftridtly to his theory, hut 
{hall make fuch additions and alterations as feem to i'uit it heft 
to the phenomena; the more fo, as the foregoing experiments 
may, perhaps, induce tne author himfelf to think fornc fuch 
additions proper. 

According to this hypothefis, we muft fuppofe, that water 
confifts of inflammable air united to dephlogifticated air; that 
nitrous air, vitriolic acid air, and the phofphoric acid, are alfo 
combinations of phlogifticated air, fulphur, and phofphorus, 
with dephlogifticated air; and that the two former, by a fur¬ 
ther addition of the fame fubftance, are reduced to the common 

nitrous 
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nitrous and vitriolic acids; that the metallic calces confift of 
the metals themfclves united to the fame fubftance, commonly, 
however, with a mixture of fixed air; that on expofing the 
calces of the perfect metals to a fuflicient heat, all the dephlo- 
gifticated air is driven off, and the calces are reftorcd to their 
metallic form; but as the calces of the imperfect metals are 
vitrified by heat, inftead of recovering the metallic form, it 
fhould feem as if all the dephlogiflicated air could not be driven 
ofF from them by heat alone. In like manner, according to 
this hypothefis, the rationale of the production of dephlogitli- 
cated air from red precipitate is, that during the lolution of 
the quickfilver in the acid and the fubfequent calcination, the 
acid is decompounded, and quits part of its dephlogiflicated air 
to the quickfilver, whereby it comes over in the form of nitrous 
air, and leaves the quickfilver behind united to dephlogiftica- 
ted air, which, by a further increafe of heat, is driven off, 
while the quickfilver re-afl'umes its metallic form. In pro¬ 
curing dephlogiflicated air from nitre, the acid is alfo decom¬ 
pounded; but with this .difference, that it fuffers fomeofitsde- 
phlogifticated air to efcape, while it remains united to the alkali 
itfelf, in the form of phlogifticated nitrous acid. As to the 
production of dephlogiflicated air from plants, it may be laid, 
that vegetable fubftances confift chiefly of various combina¬ 
tions of three different bafes, one of which, when united to 
dephlogiflicated air, forms water, another fixed air, and the 
third phlogifticated air ; and that by means of vegetation each 
of thefe fubftances are decompofed, and yield their dephlogifti- 
cated air; and that in burning they again acquire dephlogifti- 
cated air, and are reftored to their priftine form. 

It feems, therefore, from what has been faid, as if the phae- 
nomena of nature might be explained very well on this princi- 
5 ciple. 
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ciple, without the help of phlogifton ; and indeed, as adding 
dephlogiftieated air to a body comes to the fame thing as de¬ 
priving it of its pftlogifton and adding water to it, and as there 
are, perhaps, no bodies tntirely dellitutc of water, and as I 
know no way by which phlogifton can be transferred from one 
body to another, without leaving it uncertain whether w'ater 
is not at the lame time transferred, it will be very difficult to 
determine by experiment which of thefe opinions is the trueft ; 
but as the commonly received principle of phlogifton explains 
all phenomena, at lead: as well as Mr. Lavoisier’s, 1 have 
adhered to that. There is one circumftance alfo, which though 
it may appear to many not to have much force, I own has fome 
weight with me; it is, that as plants leem to draw their nou- 
rifhment almoft intirelv from water and fixed and phlogifticatcd 
air, and are re do red back to thole fubdanecs by burning, it 
Items reafonable to conclude, that notwithft.mding their infi¬ 
nite variety they confift almod inti rely of various combinations 
of water and fixed and phlogifticatcd air, united according to one 
of thefe opinions to phlogifton, and deprived according to the 
other of dephlogiftieated air; fo that, according to the latter 
opinion, the lubftance of a plant is lefs compounded than a 
mixture of thofe bodies into which it is refolved by burning; 
and it is more reafonable to look for great variety in the more 
compound than in the more fimple lubftance. 

Another thing which Mr. Lavoisier endeavours to prove is, 
that dephlogiftieated air is the acidifying piinciple. From what 
has been explained it appears, that this is no more than faying, 
that acids lole their acidity by uniting to phlogifton, which with 
regard to the nitrous, vitriolic, phofphoric, and arfenical acids 
is certainly true. The lame thing, I believe, may be faid of 
the acid of fugar; and Mr. Lavoisier’s experiment is a 

ftrong 
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ftrong confirmation of Bergman’s opinion, that none of the 
fpirit of nitre enters into the compofition of the acid, but that 
it only ferves to deprive the fugar of part of its phlogifton. 
But as to the marine acid and acid of tartar, it does not appear 
that they are capable of lofing their acidity by any union with 
phlogifton. It is to be remarked alfo,. that the acids of fugar 
and tartar, and in all probability almoft all the vegetable and 
animal acids, are by burning reduced to fixed and phlogifticated 
air, and water, and therefore contain more phlogifton, or lefs 
dephlogifticated air, than thofe three fubftances.. 
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XIV,. Remarks on Mr. Cavendish’s Experiments an Air. In a 
Letter from Richard Kirwan, ;Efq. F. R. S. to Sir Jofeph 
Banks* Bart. P. R.S. 


Read Feb. 5, 1784. 


SIR, 

H AVING liftened with much attention, and derived 
much ufeful information from the very curious experi¬ 
ments of Mr. Cavendish, read at our laft meeting, it is with 
peculiar regret I feel myfelf withheld from yielding an intire 
affent to all he has advanced in his very ingenious paper ; and 
it is with Rill greater that I find myfelf obliged, by reafon of 
the oppofition of fome of his deductions to thofe I had the ho¬ 
nour to lay before the fociety about two years ago, to cxpofe 
the reafons of my diflent, through your mediation, before this 
meeting. 

In the paper already mentioned, read in April, 1782, I at¬ 
tributed the diminution of refpirable air, obferved in common 
phlogiftic proceffes, to the generation and abforption of fixed 
air, which is now known to be an acid, and capable of being 
abforbed by feveral fubftances. That fixed air was fome how 
or other produced in phlogiftic proceffes, either by feparation 
or compofition , I took for granted from the numerous experi¬ 
ments of Dr. Priestley ; and among thefe I feleCted, as lead: 
liable to objection, the Calcination of Metals, the decompoli- 
5 . tion 
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tion of nitrous by mixture with refpirable air, the phlogiftica- 
:tion of refpVrafole air by the elefitric fpark, and, laftly, .that ef- 
-fe&cd by amalgamation* In each of thefe inftances Mr* C-AVEitf- 
©ish is of opinion, that die 1 diminution of refphabM .air is 
owing to the production of water, which, according to him, i> 
formed by the union of the phlogifton, difengaged inthofe pro¬ 
cess, with the dephlogifficatcd part of common air; and that 
feed. air. is :n<ffe'produced iu phlogiiiic procefles, except fome 
animal or vegetable iubftpnce is concerned in the operation, 
■from whofe dccompoiition ;it:,may arife. To width of thefe 
caufes the diminution of refpirable air is to be attributed, I fhall 
now endeavour to elucidate. < 

Of the Catenation of Metals. 

I attributed the diminution of air by the calcination ot 
■metals, to the convejfion of the dephlogiflicated part of com- 
.raon air into fixed, air, by realon of its union \yith the phlo- 
gifton of the metal, for this plain roafon, becaufe I find it ac¬ 
knowledged on alf hands, that the calces of all the bafe metals 
yield fixed par, when fuffieicntly heated. Mr. Cavendifh allows 
the fail iu, general, but .afer^bes the fixed air found in them to 
their lpng expofure to the atmofpherq, in which he fays fixed 
air pre-exifts > but that it exifts in common air iu any quantity 
wor,th attending to, or is extracted from it in any degree, I 
take the liberty of denying, grounded on the following facts. 
Firft, I have, frequently agitated 18 cubic inches of common ajr 
in 2 of liqae-water, and 2 of common air in |8 of lime-water, 
but. could never perceive the flighted miljtin?(s.; and yet the 
thqufandth part of a cubic inch of fixed air wouldtjius be made 
jfenlible ; for if a cubic inch of it be difTolved in 3 ounces of 

X 2 water. 
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water, a few drops of that water let into lime-water will pro¬ 
duce ackrnd. Mr. Fontana lays, he frequently agitated i cubic 
inch of Tin&ure of Turnfole in 7 or 800 of common air, with¬ 
out reddening it (23 Roz. p. 188.); and yet, according to Mir. 
Bergman, 1 cubic inch of fixed air is fufficicnt to redden 50 
of TindVure of Turnfole (iBergm. 11.); from whence I am apt 
to think, that 700 cubic inches of common air* do not even 
contain T vth of a cubic inch of fixed air. Dr. Whytt found 
that 12 ounces of ftrong lime-water, being expofed to the open 
air for 19 days, Hill retained about 1 grain of lime, (on Lame- 
water, p. 32^). Now 12 ounces of ftrong lime-water contain 
at moll 9,5 grains of lime, and 1 grain of lime requires only 
0,56 of a cubic inch of fixed air to precipitate it, the thermo¬ 
meter at 55 and the barometer at 29,?, as I have found. There¬ 
fore in 19 days this lime-water did not come in contadf with 
more than four cubic inches of fixed air ; yet it is certain that 
a large quantity of fixed air is continually difengaged, and 
thrown into the atmofphere, by various procefles, as putre¬ 
faction, combuftion, &c. but it feems equally certain that it is 
either decompofed, or more probably abforbed by various bodies. 
Mr. Fontana let loole 20000 cubic inches of fixed air, in a 
.room whole windows and doors were clofed, yet in half an 
hour after he could not difcover the leaft trace of it (ibid.). 
Though fixed air perpetually oozes from the floor of the Grotto 
del Cane , yet at the diftance of'fouf or five feet from the ground 
none is found; animals may live, lights bum, &c. (Roz. Ibid. Mem. 
Stockh. 1 775.). If diftilled water be expofed to the atmofphere^ 
it is never found to abforb fixed air, but rather dephiogifticated 
air, according to Mr. Scheele’s experiments, which couldoever 
happen if the atmolphere contained any fenfible proportion of 

7 : fixed 
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feted air; nor has rain-water been ever found to contain any, 
which it certainly fhould on the fame hypothefis ; even Mr. 
Cavendish himfelf could find no fixed air in the refiduum or 
products of about 1040 ounce meafures of common air, which 
he burnt with inflammable air. 

It is true, Dr. Priesti.ey fuppofed common air to con¬ 
tain / T of its bulk of fixed air ; but he drew this conclufion 
not from any dire& experiment, but from the quantity of fixed 
air produced by breathing, which he at that time believed to 
have been barely precipitated, and not generated, an opinion 
which he has found reafon to alter from his own experiments. 
3 think I may therefore conclude, that the quantity of fixed 
air contained in the atmofphcre is abfolutely inappreciable. 

Secondly, fuppofing the atmofphere to contain a very fmall 
proportion of fixed air, yet I do not think it can be inferred 
that metals, during their calcination, extract any, becaufe I 
find that lime expoied to red heat ever fo long extra&s none, 
though it is formed by a calcination in open air, which lads 
at lead as long as that of any metal; neither docs precipitate 
per fe attraft any, though its calcination lads feveral months; 
nor does this proceed from the want of affinity, for if a fatu- 
rate folution of mercury in any of the acids be precipitated by 
a mild vegetable alkali, very little eflervefcence is perceived, 
and the precipitate weighs much more than the quantity of 
mercury employed, and that this increafe of weight arifesin 
part from the fixed air abforbed will prelently be feen. 

Since then metals may be calcined in clofe veflels, iince they 
then abfbrb one fourth part of the common air to which they 
are expofed, dnee all metallic calces (except thofe of mercury, 
which 1 fhall prefently mention) yield fixed air, fince common 

air 
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air contains fclarce any fixed air; is it not apparent' fhafth* 
fJjif'd'aif tin) s'found was generated by t!ie very ad: o f calcination, 
by the union of the phlogifton of the metal with the dephlo* 
gifticated part of the common air, iince after the operation the 
metal is deprived of its phlogifton, and the air of its dephlo- 
giftrcate'd part K • 

' But Mr. Cavendish objects, that no one has extradfed fixed 
air from metals calcined in clbfc veficls. To which I anfwer, 
that this further proof is difficult, and no way neceflary; it is 
difficult, becaufe the operation can eafily be performed only on 
fmall quantities; it is unneceffary, becaufe it differs from the 
operation in open air only by the quantities of the materials 
employed, in every other relpedl it is exadtly the fame. Since 
Mr. CAVENDrsn fulpedis the refults are different, it is incum¬ 
bent on him to fhew that difference; but until then, accord¬ 
ing to Sir Isaac Newton’s fecond rule, to natural effctls of 
the fame kind the fame caitfeS arc to be ajjignrd, as far as It may 
be done, that is,' until experience points out fome other caufe. 

It may farther be urged, that precipitate per J'e yields only 
dephlogifticated air, that minium alfo yields a large proportion 
of it. This difficulty I have formerly anfwered by aflerting, 
that thdfe calces are in fadt united only to fixed air, and that 
they yield dephlogifticated air, merely becaufe the fixed air is 
decompofed by the total or partial revivification of the metallic 
fubftanCes; this I think may be demon ft rated bythe following 
experiments. Let fublimate corrofive fingly be treated in any 
madner, it will not yield dephlogifticated air'(4 Pr. 240.); but 
let a fohition of fublimate corrofive be precipitated by a mild 
fixed alkali, this precipitate wafhed, dried, and diftilled in a 
pneumatic apparatus,' will yield dephlogifticated air, and the 

mer- 
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iHercury will be revived ; but, if the folution of fublimate cor- 
rofive be precipitated by lime-water, it feems no air will be pro¬ 
duced. ' Here then we fee, ift, that the calx of mercury unites 
with ijix^d air ; and, 2dly, that this fixed air is, during the 
revivification of the mercury, converted into dephlogifticated 
air. Again : let one ounce of red precipitate, which, according 
to Mr* Cavendish, contains no nitrous acid, be diftilled with, 
two ounces of filings of iron ; this quantity of precipitate, 
which, if diftilled by i.tfelf, would yield 60 ounce meafures of 
dephlogifticated air, will, when diftilled with this proportion 
of filings of iron, yield 40 ounce meafures of fixed air, as Dr. 
Priestlev has fhewn in his laft paper: whichever way this 
is explained, fome or other of my opinions are confirmed; for 
either the mercurial calx is already combined with fixed air 
(which I believe to be the cafe), and this air pafles undecom- 
pofed, becaufe the mercury extracts phlogifton from the iron ; 
or it contains dephlogifticated air, which is converted into fixed 
air by its union with the phlogifton of the iron. 

If precipitate per fe be digefted in marine acid, the mercury 
will be revived (3 Bergm. 415.). Now this calx does not de- 
phlogifticate the marine acid ; for this acid, when dephlogifti¬ 
cated, diflolves mercury; how then does it revive it, if not by 
expelling the fixed air contained in it, which in the moment of 
its expulfion is decompofed, leaving its phlogifton to the mercu¬ 
ry, which is thereby revived ? 

Again: if litharge be heated in a gun-barrel, it will afford more 
fixed and lefs dephlogifticated air than if heated in glafs or 
earthen veflels. Does not this happen, becaufe the calx of 
lead, receiving fome phlogifton from the metal, does not de^ 
phlogifticate fo great a proportion of the fixed air as it other- 
\yife would ? 


Fur- 
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Further: there is no fubftance which yields dephlogifticated : 
air, but yields alfo fixed air, even precipitate per fe not except¬ 
ed; (3 Priest. 1 6.) and what is remarkable, they all yield fixed ‘ 
air firft, and dephlogifticated air only towards the end of the 
procefs. Does not this happen becaufe metallic calces attract phlo- 
gifton fo much more ftrongly, as they are more heated ? Thus 
many calciform iron ores become magnetic bycalcination, though 
they were not fo before; fo alfo do all the calces of iron when ex- 
pofed to the focus of a burning glafs (5 DiCt. Chy. 179), Thus 
mercury cannot be calcined but in a heat inferior to that in which 
it boils; thus minium cannot be formed but in a moderate heat, 
and if heated ftill more it returns to the ftate of maflicot, in 
which it was before it became minium, and much of it is re¬ 
duced. So if a folution of luna cornea in volatile alkali be tri¬ 
turated with mercury, the filver will be revived, and the ma¬ 
rine acid unite to the mercury, which fhews this acid has a 
ftronger attraction to Mercury than to filver; yet if fublimate 
corrofive and filver be diftilled in a ftrong heat, the mercury- 
will be revived, and the marine acid unite to the filver, which 
fhews that the attraction of mercury to phlogifton increafes 
with the heat applied. 

Before I conclude this head, I will mention another experi¬ 
ment, which I think decifive in -favour of my opinion of the 
compofition of fixed air. If filings of zinc be digefted in a 
cauftic fixed alkali in a gentle heat, the zinc will be diflolved 
with effervefeence, and the alkali will be rendered in great 
meafure mild. But if, inftead of filings of zinc, flowers of zinc 
be ufed, and treated in -the fame manner, there will be no 
lolution, and the alkali will remain cauftic. In the firft cafe 
the effervefeence arifes from the production of inflammable air, 

which 
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which phlogifticates the common air contiguous tp. it,, and, pro¬ 
duces fixed air* which is immediately abforbed by the alkali, 
and renders it rnild; In the fecund cafe, no inflammable air is, 
produced, the common air is not phlogifticated, and conse¬ 
quently the alkali remains cauftic *. This, experiment alfo, 
proves that metallic calces attrad fixed air more ftrongly than 
alkalies attrad it; fort the calces of zinc are known to contain 
fixed air, and yet alkalies digefled with them remain cauftic > 
and this accounts for the flight turbidity of lim>water when 
jnetals are calcined over it; for as foon as the phlogifton i^ 
difengaged fiom the metal, and befbre it has abforbed the 
whole quantity of fire requifite to throw it into the form of in¬ 
flammable air, it meets with the dephlogifticated part pf thp 
common air on the furface of the metal, and there forms fixed 
air, which is inftantly abforbed by the calx with which it is iq 
contad, fo that it is not to be wondered that it does, not unite 
to the lime from which it is diftant. 


Of the Decompoftion of Nitrous Air by mixture with 
Common Air. 

AS foon as I had heard Mr. Cavendish’s paper read, I fet 
about trying whether lime would be precipitated from lime- 
water during the procefs, an experiment 1 had never made 
before with common air, taking it for granted that it was fo, 
from the repeated experiments of Dr. Priestley, and indeed 
of all others who had treated this fubjed + : and, in efted, 

# See Mr, Experiments o# zinc. Mem. Pair* *777* p« 7 & 8. 

+ Sec i Pr. 114* 2 Pr. 218* Font. Recherchcs PIj yf. p. 1 Chy. 

Dij. 314. 
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when I made the experiment with nitrous air prepared and 
confined by the water of my tub, I found lime-water admitted 
to it inftantly precipitated. But after I had read Mr. Caven¬ 
dish’s paper, which he had the politenefs to permit me, and 
had, according to his dire&ion, received the nitrous air over 
lime-water, I did not then perceive the leaft milkinefs after ad¬ 
mitting common air. After 12 hours I indeed perceived a 
whitifh duft, on the bottom of the glafs veflel in which I made 
the experiment, which I cannot afl'ure to be calcareous; and, 
on breathing into the lime-water, an evident milkinefs enfued; 
lb that I little doubt but the piecipitntion 1 obferved in the firft 
experiment arofe from the decompofition of the aerial felenite 
contained in the water of the tub. And it is very pofiible that 
the precipitation of lime, which T perceived fome years ago on 
mixing dephlogifticatcd air and nitrous air, might have arifen 
from the fame caufe, or from fixed air pre-contained in the de- 
phlogifticated, as this laft had not been walhed in lime-water. 
Yeti do not think the failure ofthis experiment at all conclufive 
againft the fuppofed production of fixed air on this occafion, 
becaufe the quantity of fixed air is fo fmall, that it may well be 
fuppofed to unite to the nitrous felenite formed in the lime- 
water. It is well known that a fmall quantity of fixed air is 
capable of uniting to all neutral falts: thus Dr. Priestley has 
extracted it from tartar vitriolate and alum, (2 Pr. 115, 116.) 
and gypfum, (2 Pr. 80.) ; and Dr. Mac Bride found it in nitre 
and common fait, though in fmall quantity. But to try whether 
nitrous felenite would attract any, 1 made a folution of chalk in 
nitrous acid, which, when faturate, weighed 381,25 grains ; but, 
being expofed to the air for a few hours, it weighed 382,25. I 
afterwards took a very dilute nitrous acid, in which an acid tafte 
was barely perceptible, and impregnated it with a very fmall pro¬ 
portion 
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portion of fixed air, and then let fall a few drops of it into lime- 
water ; not the fmalleft cloud was perceived, and yet when I 
breathed into it afterwards it became milky in a few feconds; 
ib that this experiment is perfectly analogous to that in which 
nitrous and common air were mixed. 

But if nitrous air and common air be mixed over dry mer¬ 
cury, the refult is intirely adverfe to the opinion of Mr. Ca¬ 
vendish, and favourable to mine; for in this cafe the com¬ 
mon air is not at all diminilhed until water is admitted to it, and 
the mixture agitated a few minutes, and then the diminution is 
nearly the fame as if the mixture were made over water. Thus 
when I mixed two cubic inches of common air with one of 
nitrous air, they occupied the fpace of two inches and one- 
eighth, and the furface of the mercury was immediately cal¬ 
cined ; which fhew'S that the inch of nitrous air was decom- 
pofed, and produced nitrous acid ; but the common air was un- 
diminifhcd; and the one eighth of an inch over and above the 
two inches of common air, proceeded from an addition of new 
nitrous air, formed by the corrofion of the furface of the mer¬ 
cury. That the common air fhould remain undinhniflied is 
eafily explained in my lyftem, becaufe fixed air is formed, 
which, on this occafion, muft remain unabforbed, at leaft for 
a long time, as there is nothing at hand that can immediately 
receive it; and hence, if water be admitted foon after the mix¬ 
ture of both airs, the diminution will be nearly the lame as if 
the mixture had been originally made over water, though not 
exactly the fame ; becaufe the nitrous air, produced by the 
union of the newly formed nitrous acid w’ith the mercury, is 
not entirely abforbablc by water. But, in Mr. Cavendish’s 
hypothefis, the common air Ihould be diminilhed juft as much 
as if the mixture w r ere made over water; for, according to him, 

Y 2 this 
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fhts diminution ari'fes from the converfion of the dephlogiffi- 
cated part bf the -common air into water, which water Should 
immediately unite to the nitrous fait of mercury, and leave 
the common air Jeffened ip its bulk by a portion commenfurate 
to that converted into water, or, if he will not allow the water 
tb have immediately united tb the mercurial fait, at leaft hy 
the difference of the bulk of the water produced, and that of an 
equal weight of the common air converted into it: but neither 
happens; for the common air is not at all diminifhed; not 
can he explain, confidently with his fyftem, why the admif- 
fion of water fhould immediately produce a diminution in the 
common air, as, according to him, it contains nothing that 
can be abforbed. Dr. Priesteev has remarked, that if a mix¬ 
ture of both airs be fuffered to ftand feveral hours, even the ad- 
miffion of water will produce no diminution. This is owing' 
to two caufes; id, becaufe a large quantity of nitrous air is 
produced, by the continued action of the concentrated nitrous 
acid newly formed; and, 2dly, becaufe the fixed air, on 
whofe abforption the diminution depends, is abforbed by the 
mercurial fait, as may be inferred from the experiment in 
iL avoisier, p. 248. 

Of the Diminution of Common Air by the Elettric Spark. 

Of all the inftances of the artificial produftion of fixed air, 
by the union of phlogifton with the dephlogifticated part of 
common air, there is none perhaps fo convincing, as that ex¬ 
hibited by taking the electric fpark through common air, over 
a lolution of litmus, or lime-water; for the common air is di- 
minifhed one fourth, the litmus reddened, and the lime-Water 
precipitated, Mr. Cavendish indeed attributes the rednefs of 

the 
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t?be litmus to fixed air; but he thinks it proceeds from a de~ 
compofitiou of fome part of the vegetable juice, as all vege¬ 
table juices contain fixed air. Yet that finch a decompofition 
does not take place, I think may-be inferred from the following 
reafons : firfl, if the ele&ric lpark be taken through phiogifli- 
cated or inflammable air confined by litmus, no red tie Is is pro¬ 
duced, the air not being in the lead; dimiuifhcd; and, zdly, 
if the litmus were decompoftd, inflammable air fhould be pro¬ 
duced as well as fixed air; and then there fhould be ,an addition 
of bulk inftead of a diminution,; but what fiets the origin of 
the fixed air from the phlogiftication of the common air beyond 
ail doubt is, that if lime-water be ufed iuftead of litmus, the 
diminution is the fame, and the lime sis precipitated. Here 
Mr. Cavendish fays, the fixed air proceeds either from fame 
dirt in the tube ; a fuppofition, which, being neither neceflary nor 
probable, is not admiffible ; or elfe from fome combufibie matter 
in the lime ; but lime contains no combuftible matter, except 
perhaps phlogifton, which cannot produce fixed air but by 
uniting to the common air, according to my fuppofition ; but 
it is much more probable, that the diminution does not arife from, 
any phlogiflon in the lime, as it is exactly the fame whether 
lime-water be ufed or not; and the lime does not appear to be 
in the leafl altered, and in facf contains fcarce any phlogifton. 


Of the diminution of Common Air, by the Amalgamation of 
Mercury and Lead. 

I attributed this diminution to the phlogiftication of the 
common air by the proccfs of amalgamation, and the confe- 
quent produ&ion and abforption of fixed air. On this Mr. Ca¬ 
vendish 
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VENDisH obferves, “ that mercury, fouled by the addition o 
** lead or tin, depofits a powder which confifts in great meafure 
“ of the calx of the metal: he found all'o, that fome powder of 
“ this fort contained fixed air; but it is not clear that this air 
was produced by the phlogiftication of the air in which the 
“ mercury was lhaken, as the powder was not prepared on 
** purpofe, but was formed from mercury fouled by having 
** been ufed for various purpofes, and may therefore contain 
“ other impurities, befides the metallic calx.” On this I re¬ 
mark, that Dr. Priestley did not indeed at firft prepare this 
powder on purpofe; but he afterwards did fo prepare it (4Priest. 
p. 148,149.) and obtained a powder exactly of the fame fort; and 
it is certain that the fixed air found in it proceeded from the 
common air, both becaufe metallic calces, not formed by amal¬ 
gamation, will not unite with mercury, as is well known ; and 
becaufe this calx cannot be formed by agitation of the mercury 
and lead, in phlogifticated, inflammable, or any other air which 
is not refpirable; and the fixed air cannot proceed from any 
impurity, as mercury will not unite in its running form to any 
other but metallic fubftances, which it always partially dephlo- 
gifticates, like other menftruums (3 Chy. Dijon, 425.). 

Of the Diminution of Refpirable Air by Combujlion. 

Though I have no doubt but the diminution of refpirable air, 
by the combuftion of fulphur and phofphorus, proceeds alfo in 
great meafure from the production and abforption of fixed air, 
yet I avoided mentioning this operation, as the prefence of a 
ftronger acid renders the prefence of a weaker impoffible to be, 
proved, more elpecially, as both thefe acids precipitate lime 
from iime-water; but the great increafe of weight which the 
3 phof- 
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phofphoric acid gains is a ftrong additional inducement to think 
that it abforbs fixed air. During the combuftion of vegetable 
fubftances, l think it highly probable that fixed air is formed, 
both from my own experiments on the combuftion of wax can¬ 
dles, and that mentioned in the firft volume of Dr. Priest- 
lev’s Obfervations, p. 136; but when inflammable air from 
inetals and dephlogifticated air are fired, as a great diminution 
takes place, and yet no fixed air is found, I am nearly con¬ 
vinced, by Mr. Cavendish’s experiments, that water is really 
produced ; noram I furprized that, in this inftance, the union of 
phlogifton and dephlogifticated air ftiould form a compound very 
different from that which it forms in other inftances of phlo- 
giftication, but fhould rather be led to expeft it a priori; for in 
this cafe the phlogifton is in its moft rarefied known ftate, and 
unites to dephlogifticated air, the fubftance to which it has 
the greateft affinity, in circumftances the moft favourable to 
the clofeft and moft intimate union ; for both, in the aft of 
inflammation, are rarefied to the higheft degree; both give out 
their fpecific fire, the great obftacle to their union, it being by 
the inflammation converted into JetiJible heat (a circumftance 
which, in my* opinion, conftitutes the very efi'ence of flame); the 
refulting compound having then loft: the greateft part of its 
fpecific fire, is ncccflarily reduced, according to Dr. Black’s 
theory, into a denfer ftate, which the prefent experiment fhews 
to be water; whereas, in common cafes of combuftion, the 
phlogifton being denfer and lefs divided, unites lefs intimately 
with the dephlogifticated part of common air, confequently ex¬ 
pels lefs of its fpecific fire, and therefore forms lefs denfe com¬ 
pounds, viz, fixed and phlogifticated airs; and fo much the 
more, as a great part intirely efcapes combuftion; but it fee ms 
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probable that in very ftrong and bright inflammations, theunioti 
is more perfect, and water formed. 

Water being then the refult of the clofeft and mod intimate 
union of dephlogifticated air and phlogifton, it feems to me Very 
improbable, that it is ever decompoied by the affinity of any 
acid to phlogifton, as all the experiments hitherto made feem 
to prove, that phlogifton has a ftronger affinity to dephlogiffi-* 
cated air than to any other fubftance, except hot metallic cal¬ 
ces ; and thefe, in my opinion, are incapable of forming any 
union with water, except as far as they are faline, but they 
never can be reduced by it. So alfo water is incapable of 
uniting with any more phlogifton, as fulphur is, both being 
already faturated. 

Mr. Cavendish is inclined to think, that pure inflammable 
air is not pure phlogifton, becaufe it does not immediately unite 
with dephlogifticated air, when both airs are Amply mixed with 
each other; this reafon feems to me of no moment, becaufe I 
fee feveral other fubftances, that have the ftrongeft affinity to 
each other, refufe to unite fuddenly, or even at all, through 
the very lame caule that dephlogifticated and' inflammable airs 
refule to unite; viz. on account of the fpecific fire which they 
contain, and muft lofe, before ftich union can take place : thus 
fixed air will never unite to dry lime, though they be kept 
ever fo long together*, thus, if water be poured on the ftrong¬ 
eft: oil of vitriol, they, will remain feveral weeks in contact, 
witlnput uniting, as I myfelf have experienced; and yet, in 
both cafes, the fpecific fire need be expelled only from one of 
the fubftances, and not from both : but after A lohg time they 
will unite ; fo alfo will inflammable and dephlogifticated air, as 
Dr. Priestley has difeovefed fince his laft publication. 
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That phlogifticated air ffiould confifl of fuperfaturated nitrous 
air, I think improbable, as it retains its phlogifton much more 
Wrongly than nitrous air, which, according to the general laws 
of affinities, it ffiould not, if it contained an excefs of phlogif¬ 
ton; and as Dr. Priestley and Mr. Fontana repeatedly al¬ 
lure us, they have converted it into common air, by waffiing it 
in water, in contact with the atmolphere. I am, &c. 

London, R. KlRWAN. 
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XV. An fixer to Mr. Kirwan’s "Remarks upon the Experiments on 
Air. By Henry Cavendifh, If ]. F. R. S. and S. A. 


Read March 4, 1784. 


I N a paper lately read before this Society, containing many 
experiments on air, I gave my realons for fuppofmg that 
the diminution which refpirablc air buffers by phlogiftication, 
is not owing either to the generation or leparation of fixed air 
from it; but without any arguments of a perfonal nature, or 
which related to any one perfon who el'poufes the contrary doc¬ 
trine more than to another. This being contrary to the opinion 
maintained by Mr. Kir wan, he has written a paper inanlvver 
to it, which was read on the fifth of February. As I do not 
like troubling the Society with controverfy, I fhall take no 
notice of the arguments ufed by him, but fhall leave them for 
the reader to form his own judgement of; much lefs will I 
endeavour to point out any inconfiftencies or falie reafonings, 
fhould any fuch have crept into it ; but as there are two or 
three experiments mentioned there, which may perhaps be 
confidered as difagreeing with my opinion, I beg leave to fay a 
few words concerning them. 

Mr. de Lassone found that filings of zinc, digefted in a 
cauftic fixed alkali, were partially diflolved with a fmall effer- 
vefcence, and that the alkali was rendered in fome mea- 

fure 
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fure mild. This mildnefs of the alkali Mr. Kir wan accounts 
for by fuppofing, that the inflammable air, which is fcparated 
during the folution, and caufes the effervefcence, unites to the 
atmofpheric air contiguous to it, and thereby generates fixed 
air, which is abforbed by the alkali. But, in reality, the only 
circumftance from which Mr. de Lassone judged the alkali to 
become mild, was its making fome effervefcence when faturated 
with acids; and this effervefcence is more likely to have pro¬ 
ceeded from the cxpulfion of inflammable air than of fixed air, 
as it feems likely, that the zinc might be more completely 
deprived of its phlogifton by the acid than by the alkali. 

In the abovementioned paper I fay. Dr. Priestley ob- 
ferved, that quickfilvcr fouled by the addition of lead or tin, 
depofits a powder by agitation and expofure to the air, which 
coniifts in great mcafure of the calx of the imperfect metal. 
He found too lbme powder of this kind to contain fixed air ; 
but it muft be obfcrvtd, that the powder ufed in this experi¬ 
ment was not prepared on purpofc, but was procured from 
quiekfilver fouled by ha\ ing been ufed in various experiments, 
and may therefore have contained other impurities befidcs the 
metallic calces. On this Mr. Kirwan remarks, that Dr. 
Priestley did not at firft prepaic this powder on purpofc, hut 
he afterwards did fo prepare it (4 Pr. p. 148. and 149.), and 
obtained a powder exactly of the fame fort. It was natural to 
fuppofe from this remark, that Dr. Priestley muft have ob¬ 
tained fixed air from the powder prepared on purpole, and that 
I had overlooked the paflage ; but, on turning to the pages re¬ 
ferred to, I was furpriled to find that it was otherwile, and 
that Dr. Priestli y not lo much as hints that he procured 
fixed air from the powder thus prepared. 
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With regard to the calcination of metals it may be proper to 
remark, that this operation is ufually performed over the fire, 
by methods in which they are expoled to the fumes of the 
burning fuel, and which are fo replete with fixed air, that it is 
not extraordinary, that the metallic calx fhould, in a fhort 
time, abforb a confiderable quantity of it; and in particular 
red lead, which is the calx on which moll experiments have 
been made, is always fo prepared. There is another kind of 
calcination, however, called rufting, which is performed in 
the open air; but this is fo flow an operation, that the ruft 
may eafilv imbibe a fufficient quantity of fixed air, not- 
withftanding the fmall quantity of it ufually contained in the 
atmofphere. 

Mr. Kirwan allows that lime-water is not rendered cloudy 
by the mixture of nitrous and common air; but contends that 
this does not prove that fixed air is not generated by the union, 
as he thinks it may be abl'orbed by the nitrous felenite produced 
by the union of the nitrous acid with the lime. This induced 
me to try how fmall a quantity of fixed air would be perceived 
in this experiment. I accordingly repeated it in the fame man¬ 
ner as deferibed in my paper, except that I purpofely added a 
little fixed air to the common air, and found that when this 
addition was T ' T th of the bulk, or -,‘ 6 th of the weight of the 
common air, the effect on the lime-water was fuch as could 
not poffibly have been overlooked in my experiments. But as 
thofe who fuppofe fixed air to be generated by the mixture of 
nitrous and common air, may objedt to this manner of trying 
the experiment, and fay, that the quantity of fixed air ab- 
lorbed by the lime-water was really more than ,' th of the 
bulk of the common air, being equal to that quantity over 

and 
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ancf above the air generated by the mixture, I made another 
experiment in a different manner; namely, I filled a bottle 
with lime-water, previoufly mixed with as much nitrous acid 
as is contained in an equal bulk of nitrous air, and having in¬ 
verted it into a veflel of tihe fame, let up intto it, in the lame 
manner as in the above-mentioned experiments, a mixture of 
common air with T ' ( t>lrof its bulk of fixed air, until it was 
half full. The event was the fame as before; namely, the 
eloudinefs produced in the lime-water was fuch that 1 could 
not pofiibly have overlooked. It muft be obllrved, that in this 
experiment no fixed air could be generated, and a ftill greater 
proportion of the lime-water was turned into nitrous felcnite 
than in the above-mentioned experiments; lo that we may 
lately conclude, that if any fixed air is generated by the mix¬ 
ture of common and nitrous air, it mull be lefs than -,‘ r th of 
the bulk of the common air. 

As for the nitrous felcnite, it feems not to make the effect of 
the fixed air at all lefs fenfible, as I found by filling two bottles 
with common air mixed with T .‘. t ,dth of its bulk of fixed air, 
and pouring into each of them equal quantities of diluted lime- 
water; one of thole pottions of lime-water being previoufly 
diluted with'an equal quantity of diftilled water, and the other 
with the fame quantity of a diluted folution of nitrous lelenite, 
containing about . + -*_ 0 dth of its weight of calcareous earth 
when I could not perceive that the latter portion of lime- 
water was rendered at all lefs cloudy than the former. Though, 
the nitrous felenite, however, does not make the effect of the 
fixed air lefs fenfible, yet the dilution of the lime-water, in 
conlequencc of fome of the lime being abforbed by the acid,, 
does; but, I believe, not in any remarkable degree.. 


Thera.- 
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There is an experiment mentioned by !V$r. Kirwan which, 
though it cannot be confidered as an argument in favour of the 
generation of fixed air, as he only luppofes, without any proof, 
that fixed air is produced in it, does yet deferve to be taken 
notice of as a curious experiment. It is, that, if nitrous and 
common air be mixed over dry quickfilver, the common air is 
not at all diminifhed, that is, the bulk of the mixture will be 
not lei's than that of the common air employed, until water is 
admitted, and the mixture agitated for a few minutes. The 
reafon of this in all probability is, that part of the pblogifli- 
eated nitrous acid, into which the nitrous air is converted, re¬ 
mains in the flute of vapour until condenfed by the addition of 
water. A proof that this is the real cafe is, that, in this man¬ 
ner of performing the experiment, the red fumes produced on 
mixing the airs remain vifible for lome hours, but immediately 
-difappear on the addition of water and agitation. 

The mod material experiment alledged by Mr. Kirwan is 
■one of Dr. Priestley’s, in which he obtained fixed air from 
a mixture of red precipitate and iron filings. This at firfl 
feems really a flrong argument in favour of the generation of 
fixed air; for though plumbago, which is known to confifl 
chiefly of that fubflance, has lately been found to be contained 
in iron, yet one would not have expected it to be decom¬ 
pounded by the red precipitate, efpecially when the quantity of 
pure iron in the filings was much more than fufficient to fupply 
the precipitate with phlogifton. The following experiment, 
however, fhews that it was really decompounded; and that 
the fixed air obtained was not generated, but only leparated by 
means of this decompofition. 

500 grains of red precipitate mixed with 1000 of iron filings 
yielded, by tire afliflance of heat, 7800 grain meafures of fixed 

air, 
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air, befides 24.00 of a mixture of dephlogifticated and inflam¬ 
mable air, but chiefly the latter. The fame quantity of iron, 
filings, taken from the fame parcel, was then diflfolved in di¬ 
luted oil of vitriol, fo as to leave only the plumbago and other 
impurities. Thefe mixed with 500 grains of the fame red 
precipitate, and treated as before, yielded 9200 grain mea- 
fiures of fixed air, and 4200 of dephlogifticated air, of an in¬ 
different quality, but without any fcnfible mixture of inflam¬ 
mable air. It appears, therefore, that lefs fixed air was pro*, 
duced when the red precipitate was mixed with the iron filings 
in fubftance, than when mixed only with the plumbago and 
other impurities ; which fhews, that its production was not 
owing to the iron itfelf, which feems to contain no fixed air, 
but to the plumbago, which contains a great deal. The rea- 
fon, in all probability, why lefs fixed air was produced in the 
firft cafe than the latter is, that in the former more of the 
plumbago efcaped being decompounded by the red precipitate 
than in the other. It muff be obferved, however, that the 
filings ufed in this experiment were mixed with about ,th of 
their weight of brals, which was not difeovered till they were 
diffolved in the acid, and which makes the experiment lefs de- 
cifive than it would otherwife be. The quantity of fixed air 
obtained is alfo much greater than, according,to Mr. BrRG- 
man’s experiment, could be yielded by the plumbago ufually 
contained in 1000 grains of iron; fo that though the experi¬ 
ment feems to fhew that the fixed air was only produced by. 
the decompofition of the impurities in the filings, yet it cer¬ 
tainly ought to be repeated in a more accurate manner. 

Before I conclude this paper, it may be proper to fum up> 
the date of the argument on this fubjeCt. There are five me¬ 
thods of phlogiflication confidered by me in my paper on air; 

namely,, 
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namely, fiift, the calcination'of metals, either by thcmtclves 
or when amalgamated with quickfilver; fecondly, the burn¬ 
ing of fulphur or phofphorus ; thirdly, the mixture of nitrous 
air; fourthly, the exploiion of inflammable air; and, fifthly, 
the ele&ric fpark ; and Mr. Kirwan has not pointed out any 
other which he confulers as unexceptionable. Now the lad of 
thefc 1 by no means confider as unexceptionable, as it deems 
much mod: likely, that the phlogidication of the air in that 
experiment is owing to the ’burning or calcination of fome fob- 
dan cc contained in the apparatus*. It is true, that I have no 
proof of it; but there is lb much probability in the opinion, 
that till it is proved to be 'erroneous, no concluflon can be 
drawn from fuch experiments in favour of the generation of 
fixed air. As to the fird method, or the calcination of metals, 
there is not the lead proof float any fixed air is generated, 
though we certainly have no direct proof of the contrary ; nor 
did I in my paper infinuate that we had. The fame thing may 
be {aid of the burning of fulphur and phofphorus. As to the 
■mixture of nitrous air, and the combudion of inflammable air, 
it is proved, that if any fixed air is generated, it is fo fniull as 
to elude the niced ted we have. It is certain too, that if it 
had been lo much as T '. o .th of the bulk of the common air em¬ 
ployed, it would have been perceived in the fird of thefe me¬ 
thods, and would have been fenfible in the fecund though 
dill lefs. So that out of the five methods enumerated, if has 
been {hewn, that in two no fenfible quantity is generated, and 
not die lead proof has been afligned that any is in two of the 

* In the experiment with the litmus I attribute the fixed air to the burning of 
the litmus, not decompofition, as Mr. Kirwan reprefents it, which is a fuflicicnt 
rcafon why no fixed air fhould be found when the experiment is tried with air in 
which bodies will not burn. 
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others; 
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others; and as to the laft, good reafons have been affigned for 
thinking it inconclufive; and therefore the conclufion drawn 
by me in the above-mentioned paper feems fufficiently juftified; 
namely, that though it is not impoffible that fixed air may be 
generated in fome chemical procefles, yet it feems certain, that 
it is not the general effect of phlogifticating air, and that the 
diminution of common air by phlogiftication is bv no means 
owing to the generation or reparation of fixed air from it. 
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XVI. Reply to Mr. Cavendilh’s Anfwer , 
By Richard Kirwan, Efq. F. R. S. 


Read March 1 8, 1 784. 

I MEAN to trouble the Society but with a very few words 
in reply to Mr. Cavendish’s anfwer, as I conlider the 
greater part of mine to him as ftill unanfwered. 

In the firft place, he fays, that in Mr. Lassone’s experi¬ 
ment the cffervefcence proceeded not from any fixed air in the 
alkali, but from the further aCtion of the acid on the zinc from 
which inflammable air was difengaged. But this could not have 
happened ; for, firft, the zinc, inftead of being further aCted on 
by the acid, was precipitated according to Mr. Lassone’s own 
account (p. 8.) ; and, fecondly, the acid was only added by 
degrees, and undoubtedly would unite to the alkali preferably 
to the zinc ; therefore it was from the alkali, and not from the 
zinc, that the effervefcence arofe. 

cdly. With regard to the calcination of lead; though in 
England the fmoke and flame may come in con tad with the 
metal, yet in Germany red lead is formed without any com¬ 
munication between them, according to Mr. Nose, who has 
given an ample account of this manufactory (p. 86.), Is not 
lime formed in contact with fuel, flame, and fmoke? Mr. 
Macqjter even thinks it probable, that the contact of flame 
is hurtful to the production of minium (2 DiCt. Chy. 639.). 
Mr. Mon net made minium by melting lead in a cuppel, in 

fuch 
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fiich a manner that it was impofiible it could come in contact with 
the leaft particle of flame or (moke (Mem.. Turin. 1769, p. 71.). 

Mr. Cavendish expreffes his furprife nt my aflerting, that 
the black powder, which Dr. Priestley formed out of an 
amalgam of mercury and lead, was exa&ly the fame as that 
out of which he had extra&ed fixed air; but, I think, 1 have 
afligned very fufficient reafons for my opinion : how far I was 
right will belt appear by Dr. Priestley’s own letter, in the 
hands of the Secretary, of which the following is an extract. 

“ I certainly imagined the two black powders you write 
“ about to be of the fame nature, and therefore did not at- 
“ tempt to extract any air from the latter; but immediately 
“ on the receipt of your favour of yefterday, I diflolved an 
“ ounce of lead in mercury, and expelling it by agitation, 
“ put the black powder, which weighed near 12 ounces, into 
a coated glafs retort; then applying heat, I got from it about 
20 ounce meafures of very pure fixed air, noi T Vth of which 
“ remained unabforbed by Water.” 

Fourthly, it is impofiible to attribute the fixed air, produced 
by the diflillation of red precipitate and filings of iron, to 
the decompofition of the plumbago contained in the iron; 
for the quantity of fixed air produced in Mr. Cavendish’s 
own experiment is more than twice the weight of the 
whole quantity of plumbago contained in the quantity of 
iron he ufed, fuppofing the whole of the plumbago to 
to confift of fixed air, which is not pretended; and more than 
eight times the weight of the quantity of fixed air which 
plumbago really contains. For Mr. Cavendish employed in 
his experiment 1000 grains of iron and 500 grains of red pre¬ 
cipitate, and obtained 7800 grain meafures of fixed air, which 
are equal to 30 cubic inches, and weigh 17 grains. Now 100 



i So Mr, Kirwan’s!?^, &c. 

grains of bar iron contain, according to Mr. Bergman, at moft> 
two-tenths of a grain of plumbago; and confequently 1000 grs. 
of this iron contain but two grains of plumbago; and plumbago, 
according to Mr. Scheele, contains but oue-thirdof its weight 
of fixed air; fo that here, fuppofing the plumbago to be de- 
compofed, we can have at moft but feven-tenths of a grain of 
fixed air, or little more than one cubic inch. If we fuppofe 
the filings to be from fteel, icoo grains of fteel containing 
eight of plumbago, we may have about 2,5 of fixed air, or 
about 1,5 cubic inch, and this is the ftrongeft fuppofition, 
and the moft favourable to Mr. Cavendish. What /hall we 
then fay, if we confider that thele filings were mixed with 
copper or brafs which contain no plumbago? and, above all, 
that plumbago cannot be fuppofed decompofable by red preci¬ 
pitate, fince even the nitrous acid cannot decompofe it ? 

5thly, With regard to the power which nitrous felenite has 
of abforbing fixed air, I muft allow the experiments of Mr. 
Cavendish to be juft and agreeable to my own ; but it only 
follows, that when fixed air is in its nafeent ftate, it is more 
abforbable. Thus many metallic calces take it from alkalies 
in its nafeent ftate, though in other circumftances they will 
take none. 

Laftly, the permanence of a mixture of nitrous and com*- 
mon air, made over mercury, cannot be attributed to nitrous 
vapour, as vapour is not elaftic in cold; befides, I have often* 
made the mixture without producing any fuch durable vapour,, 
and this will always happen, when the nitrous air k made from* 
nitrous acid fufficiently diluted. 
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XVII. On a Method of defer thing the relative Poft ions and Mag¬ 
nitudes tf the fixed Stars ; together with fome Jfronomicat 
Ohfervations. By the Rev. Francis Wollaftdn, LL.B. 
F. R. S. 


Read February 5, 1784. 

F ROM Ibme alterations which have of late years been dif- 
covered, in the relative pofitions and apparent magnitudes 
of a few of the ftars we called fixed, it foems not unreafona- 
ble to conclude, that there may be many changes among others 
of them we little fufpeft. This thought has led me into a wifh, 
that fome method were adopted whereby to deleft fuch mo¬ 
tions. The firft idea which occurred to me was, to make a 
propofal to aftronomers in general; that each fhould undertake 
a fri£t examination of a certain diftrift in the heavens; and, 
not only by a re-examination of the catalogues hitherto pub- 
lifhtd, but by taking the right afoenfion and declination of 
every ftar in their feveral allotment, to frame an exaft map of 
it, with a correfponding catalogue; and to communicate their 
obfervations to one common centre. This is what I could 
be glad to fee begun. Every aftronomer muft wifh it, and there¬ 
fore every one fhould be ready to take his (hare : n it. Such 
a plan, undertaken with fpirit, and carried on gradually with 
care, would, by the joint labours and emulation of fo many 
aftronomers as are now in Europe, produce a celeftial Atlas far 
beyond any thing that has ever yet appeared. 
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But this would be a work of time, and not within the com- 
paf 3 of every one. What 1 mean now to propofe is more im¬ 
mediate ; and not out of the reach of any who amufe thetn- 
felvfcs with viewing the heavenly bodies, - 

Meridian altitudes and tranfits can be tak& but once in 24 
hbuhs j and, though accurate, are therefore tedious. Neither 
■can any re-examination of them be made, but with the fame 
labour as at the firft. Equatorial feftors are in the hands of 
iew-; and require great (kill. Some more general method 
deemed wanting; to difeover variations, which, when detected 
•or only furmifed, Ihould be configned immediately to a more 
flri£k inveftigation. 

Turning this in my thoughts, I confidered, that the noting 
down at the time the exa£t appearance of what one fees, would 
be far more Ample, and (hew any alterations in that appearance 
more readily, than any other method. A Drawing once made 
would remain, and could be confulted at any future period; 
and if it were drawn at firft with care, a tranfient review 
would difeover to one, whether any fenfible change had taken 
place fince it was laft examined. Catalogues, or verbal Defcrip- 
tions Of any kind, could not anfwer that end fo well. 

To do this with eafe and expedition was then the requifite: 
.and a tdefcope with a large field, and fome proper fub-divifions 
in it, to direct the eye and aflift the judgement, feemed to bid 
>moft fair for fuccefs. 

The following is the method which, after various trials, I 
diave adopted, and think I may now venture to recommend. 

To a night-glafs, but of Dollond’s improved conftrudHon, 
which magnifies about fix times, and takes in a field of juft 
about as many degrees of a great circle, I have added crofs 
wires, interfering each other at an angle of 45 0 . More wires 
6 may 
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may be crofted in other dire&ioris *, but 1' apprehend thefe will be 
found fhfficient. This telefcope I mount on a polar axis. One 
coarfely made, knd without any divifions on its circle of decli¬ 
nation, will anlwer this purpofe, fince there is no great occa- 
lion for accuracy in that refpett : but as the heavenly bodies are 
more readily followed by an equatorial motion of the telefcope, 
lb their relative portions are much more eafily difcerned when 
they are looked at conftantly as in the fame direction. An ho¬ 
rizontal motion, except in the meridian, would be apt to miflead 
the judgement. It is fcarcely neceflary to add, that the wires 
muft Hand lb as for one to defcribe a parallel of the equator 
nearly. Another wiil then be a horary circle ; and the whole 
area will be divided into eight equal feftors. 

Thus prepared, the telefcope is to be pointed to a known liar, 
which is to be brought into the centre or common interledlion 
of all the wires. The relative pofitions of fuch other liars 
as appear within the field, are to be judged-of by the eye: 
whether at |, or q, or * from the centre towards the cir¬ 
cumference, or vice verja ; and fo with regard to the nearelt 
wire refpedlively. Thefe, as one fees them, are to be noted 
down with a black-lead pencil upon a large meflage card held 
in the hand, upon which a circle, fimilarly divided, is ready 
drawn. (One of three inches diameter feems moft convenient.) 
The motion of the heavenly bodies in fuch a telefcope is fo 
flow,, and the noting down of the liars fo quickly done, that 
there is moft commonly full time for it without moving the 
tselefcope. When that is wanted, the principal liar is eafily 
brought back again into the centre of the field at pleafure,. 
and the work refumed. After a little pra&iee, it is aftonilhing 
how near one can come to the truth in this way : and, though 
neither the right afeenfions nor the declinations-are laid down 

by. 
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by it, nor the diftances between the ftars meafured; yet their 
apparent fituations being preferved in black and white, with 
the day and year, and hour if thought neceflary, written un¬ 
derneath, each card becomes a regifter of the then appearance 
of that fmall portion of the heavens; which is eafily re-exa¬ 
mined at any time with little more than a tranfient view; and 
which yet will Ihew on the firft glance, if there Ihould have 
happened in it any variation of confequence. It is obvious, 
that very delicate obfervations are not to be made in this way. 

In order to explain my meaning more fully, a card fo marked 
(hall accompany this paper (fee tab. V.fig. 1.). What I firft hap¬ 
pened to pitch upon was the conftellation of Corona Borealis, 
which then fronted one of my windows; and which I have fince 
purfued throughout in this method ; making the liars ( 3 , y, 
S, t, i, x, 7T, 0, <r, and t, fucceffively central; together 

with one or two belonging to Bootes, for the lake of connect¬ 
ing the whole together. Thefe I have transferred fince on a 
(heet of paper, to try how well they would unite into one 
map; which they have done with very little alteration. A 
copy of that lhall alfo be laid before this Society (fig. 2.). 

My delign was, after marking down all luch liars as are vill- 
ble with fo fmall a magnifier, to go over the whole again with 
another telefcope of a higher power, divided in the fame way ; 
and after that, with a third and a fourth ; fo as to comprehend 
every liar I could difeern. That would difeover fmaller 
changes: but it mull: be a work of time, if attempted at all. 
After fuch a rough map of the conftellation is made, the en¬ 
deavouring to afeertain the right afeenfions and declinations of 
thefe, may perhaps be advifeable in the next place, rather than 
Searching for more. 


In 
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In obferving in this way it is manifeft, that the places of 
fuch ftars as happen to be under or very near any one of the 
wires, muft be more to be depended upon, than of what are in 
tlie intermediate fpaces, efpecially if towards the edges of the 
field : fo alfo what are neareft to the centre, becaufe better de¬ 
fined, and more within the reach of one wire or another. For 
this reafon, different ftars in the fame fet muft fucceffively be 
made central, or brought towards one of the wires, where any 
fufpicion aril'es of a miftake, in order to approach nearer to a 
certainty: but if the ftand of the telefcope be tolerably well 
adjufted and fixed in its place, that is foon done. 

In fuch a glafs it is very feldom that light is wanting fuffi- 
cient to difcern the wires. When an illuminator is required, 
I find, that for this purpofe, where you wifh to fee every fmall 
ftar you can, a piece of card or white pafte-board, projecting 
on one fide beyond the tube, and which may be brought for¬ 
ward occafionally, is better than one of any other kind. By 
cutting acrofs a fmall fegment of the objeCt-glafs, it throws a 
fufficient light down the tube, though a candle is at a great 
diftance; and one may lofe fight of that falfe glare when one 
pleafes, by drawing back the head, and moving the eye a little 
ftde-ways, and then one fees the ftnaller ftars juft as well as if 
no illuminator were there. 

This then is the method I would recommend to the practical 
aftronomer, for becoming acquainted with the appearance of 
the ftars, and fetting a watcii over the heavenly motions. 
After a very few trials, every one would find this eafy. And if 
each perfon of every rank among aftronomers would take a 
conftellation or two under his care, the numbers who could 
undertake it in this way would compenfate for the defects ot 
a plan which cannot afpire at great accuracy. The labour ot 
Von. LXX 1 V. B b it. 
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it, even at fird, is but little. It has cod me more time indeed 
than I ought commonly to allot to mere amufement; becaufe 
I had mv apparatus to contrive, and Uveral different and fruit- 
lefs lchernes to try, before 1 could latisfy myfclf. But a quar¬ 
ter, or at the mod half, an hour it. generally lufficient for the 
marking of one pretty full card in this way: and when once 
the cards arc marked, and a general map of the conftellation is 
formed, a little time given to it in a line evening, to examine 
whether the flars on l'uch or fuch a card remain in their former 
polition, is little trouble indeed. Perfeverance is mod likely to 
be wanting, and therefore mud be determined upon ; becaufe, 
after finding things time after time jnd as they were, one’s 
hopes of dilcovering any thing new will flackcn. But the dif- 
f. rent date of the air, or of one’s own eye, will frequently 
occafion a frefh dar to become vifible, or a finall one which 
had been noted down to feem to have dilappeared ; and fuch a 
mere accident will ierve to re-kindle the defire of purfuing it. 
Befides, if we obferve no change after a tolerable interval of 
adiduous fearch, we may at any time turn to another condel- 
lation : yet ought we never to abandon the former entirely, 
after having once publickly undertaken it, without) giving no¬ 
tice of our fo doing. 

In the cards or maps, it may be obferved, I have not marked 
the refpedfive fixes of the dars. Nor have I didinguilhed them 
in any way, excepting a few of them with Bayer’s Greek 
letters. It was becaufe I have not hitherto fatisfied mylelf how 
to do it. Some method mud be ufed by every one, to deferibe 
to himfelf what he means ; but, in laying any thing before the 
public, a deference ought to be paid to what has been done by 
others. The calling any dar by a new name would breed con- 
fufion: and as I was defirous this Ihould appear before this 

Society 
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Society iu its firft rude form, t!iat a judgement might he mule 
from it how far fucli a fcheme would promiic fua\ft>, 1 was 
unwilling to look into catalogues or capital maps for the num¬ 
bers or names of the ftars, left I fhould be tempted to adapt 
the pofitions of what I had obferved to what I there found let 
down by more able aftronomers. Nothing, therefore, but a 
hemifphere of Sknex has been confulted, juft for knowing 
how far the conftellation is ulually reckoned to extend, and 
what are Bayer’s references. 

Should this plan meet with approbation, I fhall be happy to 
have propofed it; and will endeavour to forward it in any way 
that fhall be judged proper : or fhould any other be preferred, 
which is within the abilities and leifure of one who is engaged 
in another profeflion, I fhall be as happy to lend what aftiftancc 
I can to it. My aim is only, to render fuch obfei various as I 
am capable of making, uleful to fcicnce. 

Before 1 conclude on this head, give me leave to add a few 
hints. Whether this method be followed, or any other, if a 
general plan he fet on foot, whoever undertakes a conftellation, 
or diftridt, fhould determine to examine it with as great accu¬ 
racy as he can ; yet never be afhamed to let others know of 
his miftakes. The error of one proves a caution to another. 
Such a rough fketch, once made, will be found of great ule to 
moft of us, in knowing which ftar next to examine with 
greater care. He who can do no more than this, will do a ufe- 
ful work by going thus far: and his frequently fweeping over 
his diftridf in this way, may lead him to a difeovery which 
might efcape a more regular aftronomer. But whoever can, 
ought to do more. By degrees the exadl pofitions of every ftar 
he has noted down may be afeertained, by the method praftifed 
by Mr. De la Caille in his Southern Hemifphere, or by any 

B b 2 other 
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other which fhall be efteemed more convenient. Every one, 
indeed, muft ufe fuch inftruments as he can procure: but affi- 
duity can do more with indifferent ones, than will ever be ac- 
eomplifhed with the very beft without it. Whatever references 
are made for one’s own convenience, when a map and catalogue 
are given to the public flock, the old letters and numbers 
jfhould be retained as far as they go : though yet notice fhould 
be taken, where the magnitudes of the flars at prefent do not 
appear to correfpond with the order in which they have been-, 
laid down. 

To render this more complete, it were to be wifhed, that 
each fhould give in a copy of his original obfervations, with an 
account of the inftruments he ufed; fince they ought to be 
preferved as data from whence his dedu&ions were made,, 
which may then be re-examined at any future time.. Yet muft 
it be defired, that no one would truft himfelf without carry¬ 
ing on his calculations as Taft as the obfervations are made : 
they will otherwife multiply upon his hands till the labour will 
difhearten him from attempting it at all. A heap of crude, 
undigefted obfervations would be an unwelcome prefent to the 
public. 

Having thus ftated this Propofal, I fhall leave it to be pro¬ 
ceeded upon, or not, as fhall be feen proper: And will now 
only fubjoin a Lift of fuch occafional obfervations as I have had 
opportunity of making, fince the laft which I communicated to 
this Society. I find, indeed, that it is much longer than I had 
apprehended: but as I perceive fome aftronomers abroad have 
referred to a few of thofe which have been honoured with a 
place in otir Tran factions,, it may be as well to follow it up. 
An obfervation. retained among one’s own private papers I holdi 
to be of little ufe. 


One 



Poptions and Magnitudes of the Fixed Stars, See. 189 

One thing let me defire Foreigners to remark : that the re- 
gifters I gave of the going of my clock were meant only as 
the relations of a mere faSi ; that a clock, of fuch a conftruc- 
tion, kept or altered its rate fo or Jo. They feem to have un- 
derftood it as an account of a capital clock, by valuing them- 
felves upon fome of theirs going better. The time-keepers in 
jnoft of our Obfervatories are far more accurate; but, excepting 
thofe of the Royal Obfervatory at Greenwich, their accuracy 
is not made public. 

Another remark it may alfo be proper to make; that, fince 
my former papers, the longitude of this place has been afeer- 
tained by comparative oblervations on the burfting of fome 
rockets, let off on purpofe; which, on a mean of feveral, 
turns out to be ip'^oz in time E.of Greenwich Obfervatory; 
that is, it may hereafter be confidered as 19^, inftead of 
1 S ',6 as I had before calculated it trigonometrically from the 
bearings. 


Qbfervatians 
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Obfcrvations made at Chiflehurft,, in Kent, longitude 1 9" in 
time Eajl of the Royal Obfervatoiy at Greenwich, and lati¬ 
tude 51° 24' 33" Notib. 

Eclipfe of the moon, cT July 30, 1776: obferved with 
n 3I feet achromatic telefcope, and a power magnifying 
29 times (that is, a lingle eye-glafs belonging to the day-tube) 
the aperture of the telefcope being reduced to 1 4 inches. The 
night very clear and ftill. 


Apparent time, 
h. ' " 

The beginning not properly obferved. 
■io ir 31 Grimaldus touched by the fhadow. 

10 12 49 - — covered. 

10 14 5 Galilasus covered. 

10 19 36 Ariftarchus covered. 

10 26 o The fpot in Kepler bifected. 

10 24 25 Schikardus (but 4 J.) touched. 

10 25 52 ----- bifedled. 

10 27 19 ----- covered. 

10 28 15 Copernicus touched. 

10 29 49 - - covered. 

10 31 22 Helicon (but covered. 

10 37 9 Plato touched. 

10 37 54+ - covered. 

10 38 55 Tycho touched. 

10 39 39 - - bifedted. 

jo 40 25 - - covered. 


Manilius 
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Apparent time, 
h. ' " 

io 43 16 Manilius covered.. 

io 46 51 Menelaus covered. 

10 48 5 Dionyfius covered. ( 

10 55 4 Cenforinus covered. 

10 58 57 A point (Promontorium acutum, I believe) touched. - 

11 o 21 A lpot between M. Foecunditatis and M. Ne&aris 

touched. 

11 o 23 M. Crifium touched. 

11 3 55 - - - covered. 

11 7 57 The eclipCe feemingly total. 

11 11 11 The moon covers a (mail ftar near her Couth limb. 

The ftar hangs on the limb, before it difappears. 

11 28 17 She covers another ftar a little Couth of her centre. 

This vanifhes inftantaneoufly. 

TheCe occultations were obl'erved with another 
power of the Came teleCcope; which is uCually 
reckoned 100, and which I have formerly Co 
called; but which on an accurate examination 
really magnifies almoft 75 times. 

The emerfions of thefe ftars were not obferved. 

12 43 o I judge the beginning of the emerfion to be about 

this time ; but cannot be certain. 

12 48 1 Grimaldus quitted by the fhadow. 

12 58 25 Ariftarchus quitted. 

12 59 22 Kepler biCedted. 

13 o 15 Tycho begins to emerge. 

13 I 9 - - bife&ed. 

13 1 53 - - emerges. Till this time I had ufed the 

whole aperture (3,6) having forgotten to reduce 

it,. 


1 
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Apparent time, 
ii. ' " 

it, till the moon’s brightnefs reminded me. Same 
power as at fir ft ; that is, 29. 

13 6 51 Copernicus begins to emerge. 

13 720 - - - feemingly bifefted. 

13 819 - - - emerges. 

13 10 27 Helicon emerges. 

13 15 26 Plato begins to emerge. 

13 16 31 - - emerges. 

13 21 30 Manilius emerges. 

13 23 54 Dionyfius emerges. 

13 24 57 Menelaus emerges. 

13 29 47 Cenforinus emerges. 

13 31 21 The fpot by M. Foecunditatis emerges. 

13 35 31 The point of Prom. Acutum emerges. 

13 37 21 -f M. Crifium begins to emerge. 

13 40 26 * - - quitted by the fhadow. 

%3 42 o The end of the eclipfe. 

The air was very clear and ftill the whole time : the 
fhadow but ill defined. Indeed, it was little more 
than a penumbra; the principal fpots remaining 
' always vifible on the moon’s dufky face. 

Eclipfe of the fun $ June 24, 1778 : obferved with a 3I feet 
achromatic telefcope magnifying 75 times. The aperture 
reduced to two inches, to prevent breaking the ftnoked 
glafles. 

4 1 33,5 Beginning. I fufpefl the minute to be miftaken, 
and that it fhoukl be 3 h. 40' 33",5. The firft 
2 impreffion 
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Appareat time, 
h. ' " 

impreffion could not be 2", I believe not i", 
before I obferved it. 

5 25 24 End. An undulation on the fun’s limb; but the 

obfervation pretty good. 

Eclipfe of the moon i November 23, 1779 : obferved with the 
fame telefcope, magnifying 75 times. The aperture reduced 

to two inches. Night clear and frofty. No wind. 

/ 

The beginning not afcertained. 

6 13 19 Grimaldus touched by the lhadow. 

6 13 28 - - - covered. 

6 17 29 Ariftarchus covered. 

6 20 46 Kepler bife&ed. 

6 23 40 M. Humorum touched. 

6 27 47 Helicon covered. 

6 28 40 Copernicus and Timocharis both bifc&ed. 

6 29 57 M. Humorum covered. 

6 33 50 Plato touched. 

6 34 27 - - covered. 

6 41 52 Tycho touched. 

6 43 8 - - covered. 

6 47 11 Plinius (but covered. 

6 59 1 M. Crifium touched. 

7 3 16 - - - covered. 

7 731 The eclipfe total. 

8 46 23 Moon’s edge begins to emerge. 

8 51 14 Grimaldus begins. 

8 52 1 - - - emerges. 

A haze comes on. 

Vol. LXXIV. C c 


Kepler 
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Apparent time, 
h, ' " 

9 a 23:: Kepler bifeded. This not clearly fcen. 

9 11 41 Plato begins to emerge. 

9 12 35 - - emerges. 

9 13 46 Tycho emerged. 

The haze comes on again too much for the obferva- 
tion to be purfued any farther. 

Eclipfe of the fun * Oft. 16, 1781: obferved with the fame- 
telefcope and magnifying power. 

The beginning not vifible; fun top low. 

20 22 13.5 The end. Good. 


Eclipfe of the Moon 5 Sept. 10, 1783 : obferved with the fame 
telefcopc, viz. 3! feet achromatic, with the aperture reduced 
to two inches; but with a fmall magnifying power of 36 
times, which 1 had made by Mr. Doli.ond for thefe obfer- 
vations, and which I found very convenient. Night a little 
hazy, but pretty favourable. 

933 o A dufkinefs comes on the moon. 

9 45 35 The beginning of the fhadow, I believe. 

9 47 20 A hazinefs oblcures the moon. 

9 50 35 Ariftarchus covered. 

9 5 2 20 Kepler covered. So it is fet down; but I do not 
recoiled: what I meant by this; whether it might 
not be only the fpot in the centre, fo that it 
might mare properly be called bifefted. • 

Gaflcndus 
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Apparent time, 
h. ' " 

' 9 57 57 Gaffendus covered. I fufpeft the minute here; and 
that it fhotild be 56' 57",- 
9 ^9 41 Heraclides covered. 

10 1 42 Copernichs touched. 

10 3 5 - - - covered. 

10 3 26 Helicon covered. 

10 4 i2 Bulialdus covered. 

10 8* o A hazinefs again. 

10 8 57 Plato covered. 

10 15 30 Manilius covered. 

10 15 54 Tycho touched. 

1017 5 - covered. This doubtful. 

10 19 10 Menelaus covered. ’ 

10 21 38 Dionyfius covered. 

10 22 40 Plinius covered, 

A hazinefs again. 

10 28 25 Cenforinus covered. 

10 34 34 M. Crifium touched. 

10 39 45 “ ” ■ covered. 

10 46 34 Total darknefs, as I judged it. 

At 10 h. 41' the moon had grown reddilh, and the 
eclipfed part become more vifible than before. 
After fome time, during the total darknefs, the 
moon was barely to be feeti. In general, about 
the centre, it was darker than towards the cir¬ 
cumference, which was ill-defined. About 

12 o o The eaftern limb became more vifible, and better 
defined. 


C c 2 


The 
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Apparent time, 
h. ' " 

1214 o The light fpreads a great way over the moon from 
that fide towards the centre, extending about 
two-thirds of her circumference (fee fig. 3.) 

12 23 o The moon feems beginning to emerge. 

1225 o Emerfion certainly has begun. 

12 28 21 Grimaldus emerged. 

12 31 40 Galileus emerged. 

12 33 52 Ariftarchus emerged. , 

12 37 26 Kepler (but £>. this as before). ,! 

12 39 36 Heraclides emerged. 

12 42 56 Helicon emerged. 

12 45 52 Copernicus emerged entirely. 

12 47 22 Plato begins to emerge. ’ 

12 47 58 - - emerges. 

12 48 30 Tycho begins to emerge. 

12 49 58 - - emerges. 

12 58 8 Manilius emerges. 

13 1 40 Menelaus emerges. 

13 318 Dionyfius emerges. 

13 5 40 Plinius emerges. 

13 11 22 Cenforinus (but ^.) emerges. 

13 1 6 35 M. Crifium begins to emerge. 

1 3 20 S 3 * “ " emerges, 

13 25 3,8 The fhadow quits the moon near Langrenus, be¬ 
tween that and M. Crifium. The dufkinefs does 
not leave the mam till feme time afterwards, but 
I did not wait to obferve it. 

The moon was darker during the eclipfe than ufual; 
but the air was not clear enough for any occulta- 
tious of ftars to be obferved. 


Tranfit 
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Tranfit of,Mercury over the fun’s dilk $ Nov. 12, 1782: ob- 
ferved with the fame telefcope, and a power of 75 times. 
The aperture reduced to two inches. 

Apparent time, 

h. ' " 

2 51 Firft impreflion obferved. It could not be 2" fooner. 
2 54 57 Thread of light completed; but feen through 
clouds. The planet feemed to hang on the fun’s 
limb 30" at leaft. 

460 Through a break in the clouds, of Ihort duration, 
9 feemed to have quitted the fun; but indeed 
the clouds were very unfavourable the whole 
time. 

Occultation of Saturn by the moon, h February 18, 1775: 
obferved with the fame telefcope; and, I believe, the fame 
power, with the whole aperture of the objedt-glafs 3,6 
inches; but, I perceive, I have not fet down thefc parti¬ 
culars. 

5 39 Praec. anfa of the ring im.. 

6 9 Praec. limb of the planet im. 

Subfequent limb not fet down. 

6 48 Subfequent anfa im. 

The moon low at thefe immerfions, and much un¬ 
dulation. The emerfions loft by looking at a 
wrong part of the moon’s difk, except 
1 7 Subfequent anfa emerges. 

Night very clear; but the observation on the whole 
imperfect. 

Occultation# 


9 

9 

9 

10 
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Occultations of fhrs by the moon: obferved with the fame 
-; telefcope, and a power of 75 times, with the whole* aper- 
. '*u#e of the objed-glafs. • 


$ 7 Virginis 


Apparent time. 

> 775 - h * ' " . , 

$ Aug. 1. 5 7 Virginis 7 48 17 Both flars vifiblc when a cloud covered 

them, 

7'49 20 A fhort break; vifible. 

7 52 15 Another brea^ ; but. before t^m the fe* 

cond flar was immersed. 

8 48 58,5 Firft^-em. good. 

8 49 6, % Second * em. good, **'* 

D a blight * j g f Im, good. 

N of y Virginia j , y 

Em. not till thp moon was too low, 

Dec. 12. D Rcgulhs IO 5 46 Em. very good, though the moon low. 


O June 30. O 1 ad f 9 3 49 Im good ; iomc flying clouds, 

lO 6 38 Em. ; perhaps fooner. 



* 777 * 







h 

Aug. 23. 

I fx Ccti 

10 

4 i 

17 

Im.: 

the moon low; night clear and flill. 




II 

32 

10 

Em. 


b 

Nov. 15. 

3) 1 ad £ Tauri 



Im. 

not feen ; undulation too great. 




7 

22 

56 

Em. 

pretty good. 

G 

Nov. 16. 

D ( Tauri 

11 

17 

1. 

5 Im. 

good. fThcfc were obfcn r ed with a 




12 

23 

28 

Em. 

good.< power of 67 times, and an 








t oblique fpeculum. 


>783- 







S 

May 16, 

D v Scorpii 

11 

21 

49 

Im, 

1 Night clear and flill; the obfer- 




12 

3 1 

49 . 

5 Em. 

J vat ions good. 

% 

Jul IO. 

]) t Scorpii 




Im. 1 

not feen for clouds. 


8 43 56 Em. ; it might be 1" or 2" fooner; the 
moon’s edge ill defined. 


$ Dec. 30. J^Pifcium 8 3 13 Im dark limb, very good. 

9 8 30 Em. good. It could not be above l" 

looncr, if that. Night very clear and 
Hill; hard froll; therm. 13°!. 

Eclipfes 


2 



Mr,. Woi/L as Eton’s Agronomical QbJZr vat ions. 


m 

Eclipfcs of Jupiter’s fatellites : obferved with the fame tele- 
fcope and power (that is, 75 times; called ufually 100) and 
whole aperture. 

Apparent time. 

X 77 S. b. ' " 

$ Sept. 8. 1 Sat. 11 33 14 Im. flying clotids; obfervation doubtful. 

0O£t. 1. 1 Sat. 11 Si 1 lm. good; unlefs the minute be miftaken. 

Of Nov. a. 1 Sat, 8 28 2 Jm. good. 

% 16. 2 Sat. 9 o 13 Im. pretty good; air clear, but a cold in my 


eyes rendered theobfervation not fatisfa&ory. 
J Dec. 18. I Sat. «io 45 48 Em. good. 


2 Sat * 

11 

2 O 

Em. pretty good. 

J| 27. 1 Sat. 

7 

3 48 

Em. good. 

1776 1 

O^Jov. 17. 3 Sat. 

9 38 48,5 Im.; a fcintiilation for Tome feconds before it 
quite dilappeaicd. 

1778. 

IfMay 21. I Sat. 

9 

9 38 

Em. good. 

2 Sat. 

, 10 

IO ±z 

Em. lb neai the firft fttellite; as f\ircely to be 
diflinguifhable fiom it lot iome minutes. 

If June 11. 4 Sat. 

9 52 4 

Im. good for the fourth fatellite, jet vihble by 
fits for foroc feconds longer. 

}? 13. 1 Sat. 

9 

19 6 

Em. pretty good. 

1 779* 

$ Mar, 9. 1 Sat. 

6 

5919 

Im .; that is, this was the laft of my feeing it; 
but, though the night was clear, the latellitc 
was too near Jupiter for the obiervation to be 
fatisfaflory. 

T? May 22. 2 Sat. 

11 

5 54 

Em. good. 

1781. 

If May 24. 1 Sat. 

10 

3 31 

Em. very good. 

If 31. 1 Sat. 

11 

57 35 

Em. pretty good. 

t June 16, i Sat. 

10 

*3 »3 

Em.; clouds, but pretty good. 

1782. 

1 ? July 20. 3 Sat. 

9 

6 42 

Em. good. 

2 Sat. 

11 

30 30 

Em, good. 


Emcrfxot! 
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© July 21. 
If Aug. 29. 
9 30. 


Apparent time, 
h. ' " 

1 Sat. 9 39 50 Emerfion j windy j but good. 

1 Sat. 8 20 15,5 Em * 

4 Sat. 8 52 19 Em- s fatellite feen then, but not 

fome time* * 


diftmft for 



1783 



s 

July 

8. 

I Sat. 

f} 

Aug. 

2. 

1 Sat* 

T> 


* 5 - 

1 Sat. 

9 

Sept. 

26 

i Sat. 

$ 


SO¬ 

3 Sat * 

9 

oa. 

S' 

1 Sat. 

O 

26. 

1 Sat. 


121413 Im. pretty good. 

9 10 31,5 Em. good. 

9 28 54 Em. 

61944 Em. pretty good, but twilight ftrong. 

10 3 24 Im. It was vifible only by fits for the laft 8". 

Jupiter near a tree. 

8 18 O Em. pretty good; but the moon below Jupiter. 

g 29 17 Em. Jupiter low and near a tree; great undu- 
lation. 


EXPLANATION OF THE FIGURES IN TAB. V. 

Tig.,. » Cor. Bor., Aug. 6, „S 3 . per mgh.-.laf. Th. * Sept. ^ 

8 „a. not obfer.cd till ih.I night, bnt hi, continued finoe, and wi> only 

overlooked at firft. n .. 

Fig. «. A map of 107 ftars, befide. thofe marked by Bayer, m the “nftellat 

of Corona Borealis, or the Northern Crown; together with a part 
of Bootes: laid down from obfervations made 1783 w.th a n.ght- 
glafs furnilhed with crofs-wires; as their relative pofitions were eftimate 

by the eye* 

Fig. 3, The moon as fhe appeared (inverted) ? Sept, to, 1783, about a quarter 
of an hour before lhe began to emerge from total darknefs. 
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%Ypt 4 p 4 ccouqt $]hme late pry Meteors i with Obferv^ 
tions. /)| a Zatierjrom Charles Blagden, MJp. Pbyfki<m to 
the 4 rm y* Sec. JR^S. to $r Jofeph Banks, Bart. P. R. 51 ' 

> * 

Read February 19, 1784. 

0 

TO SlU JOSEPH BANKS, BART. P. R. S. 

* 

DeAr sir, 

K 

F ROM the papers yon were To good as to put into my hands, 
together with fuch other information at I could procure, 
the following account of the two moll remarkable of the late 
meteors is collefted. 1 am fenfible, that it is in many refpe£ts 
very imperfect ;.yet ftill it gi^es a more fatisfa&ory idea of the 
phenomena than can well be acquired from the relation of any 
(ingle obferver, and therefore may not be difagreeable to the 
learned Society over which you fo worthily prefide, if no mom 
per/eft account (hall previoufly have been laid before them* 
Thefe meteors were of the kind known to the ancients by 
the names of n<h<, Bolides, Faces, Globi, ficc. from 

particular differences in their fhape and appearance, and fome- 
times, I believe, under the general term of Comets * 5 in the 
. , . Philosophical 

.* Au»r<)m*i remark, that all the comet* feen wnonj them dt&ppeafeA wlfttodt 
'AWkf i* 4/^tvkt (KopmAri) ««v f hvtwf ifaNrW ii rf 

(1$cttor P lib* 1. c, &), feems feaeccta applicable But" to Ififcttfjtorjr me- 
teoi*, jtnany other expreffibnt to the fame puipofe occur in that author, 
V01.LXXIV. J ' t> d Plihy, 

t 

. H* 
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Philofophrcat Tranfa&ions they are called in^ifcriminately fire* 
balls or fiery meteors; and names of a fimilar import have 
b$CH?app|ifd tP tt^errj, iy the different languages of Europe,. 

. If he irucU^t material <ircmnft<uices obferved of luqli meteors 
tnay> be brought under the following heads, t. Their general 
appearance, 2. Their path. 3. Their ibnpe or figure. 4. 
Their light and colours. 5. Their height. 6. Their noile* 
7. Their fize. 8. Their duration, p. Their velocity, 

I (hall begin with the firfl of theie meteors, that which was 
leen on the 18th of Auguft. 

§ 1. Its general appearance in thefe parts of Great Britain 
was that of a luminous ball, which rofein the N.N.W. nearly 
round, became elliptical and gradually aflbraed a tail as it 
afeended, and in a certain part of its courfe feemed to undergo 
a remarkable change compared to burfting; after which it pro¬ 
ceed no longer as an entire mafs, but was apparently divided 
hit© & great number or a duller of halls, fame larger than the 
others, and all carrying a tail or leaving a tram -behind under 
tblfr fbrrti it continued its courfe with a nearly equable motion, 
dropping or calling off fparks, and yielding a prodigious lights 
which illuminated all obje£ls to a furprifing degree; till having, 
palled the call, and verging confidently to- the louthward, it 
gradoally delcended, and- at length was loft out of light. The 

« - i . > ^ r <' h ’ \ r , , , „ * 

SEtftqA.IpijfeJf, though he conceived diftin&ly enough the difference 
between comets and fi^ry fneteors, yet evidently did not know where to draw the 
lmc # (compare fib, I. arid Vtl. Qu*ft.Natur.). Even in mbderti times, thefe meteor# 
fhnick i*pe&afors at firft as comets (Fritzes Medizinifche Annalen, vol. I. 
p- na y» expert aftrpnomers, as appears by a letter from Nathaniel Pigot r p , 
F. R. S. lately ryad before the Royal Society, See alfo Mem. de I’Ac. de# 
Scienc, 1771, p. 6§8* l have infifted the more on a fubjed apparently of fo little con* 
fequence, in order to account for the ftrange opinions of the ancients ref^c&ing. 
come f 9, which, I think, proceeded chiefly from confounding them with thefe fiery 
meteors, 

time 




>j*© j 
finf* its sy»pea«fl¥ft f ^ 9 h- J6,' P*M. mean, time of the 
meridijjUa^on. tmd continued yhtble *bout bal£jn 

*»**#*• -"i.j? ••> .» v ■•■: u-ft .t ,1 . " 

fti How far north the meteor may have begun I have no 

materials t? determine with precifiou; but, as it was feen in 
Shetland, #nd,.at fea between the Lewes and Fort William, and 
appeared to perfpnt' at Aberdeen and Blair in Athol alcending 
from the northward, and to an.obferver in Edinburgh as fifing 
like the planet Mars, there can be little doubt but its courfe 
^commenced beyond the farthefl extremity of this ifland, fome- 
where over- the northern ocean. General Mure at F. R. S. 
being then at Athol Houle, faw it pafs over his head as nearly 
.Vertical as he could judge, tracing it from about 45 ° of eleva¬ 
tion north-north-weftward to 3© 0 or 20° i"outh-fouth-ea|fwarcj, 
where a range of buildings intercepted it from his v »ew* From 
near the zenith of Athol Houfe r it palled ;on a little weftward 
of Perth, and probably a little eaRward of Edinburgh ; and con¬ 
tinuing its progrefs over the iouth of Scotland, and the well era 
•parts of Northumberland and the ,Bilhopric of Durham,, pro- 
needed aJnaoft through the middle of Yorklhire, leaving the 
capital of that county fomewhat to the eaftward. Hitherto its 
path was as nearly S.S.E. as can be afcertained; but fome where, 
.near the borders of York (hire, or in l.incolnlhire, it appears, tb 
have gradually deviated to the eallward, and in the courfe rif 
that deviation to have- fullered the remarkable clrange already 
noticed under -the 1 denqmin at ion of burlling. After this divi¬ 
sion, the cornpad clufter of imaller poteors leems to have 
moved for ,fbme time almoll S.E. thus travelling Cambridge- 
ihire and perhaps the weftern .confines of Suffolk; but gra¬ 
dually recovering its original dire&ion, it proceeded over Eflex 
and the Straits of Dover, entering the contjuent probably not 

Dd a k ■' fer 
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far from thtf&frfc, wfclre; as well a® afCKHTind Ofteridfifc 
waf thought to be vertical. Afterwards it ‘Warfeen'-at Brufftli, 
PAm, arid Nuits in Burgundy*, ftill holding on its courfe td 
the fikft&Ward; nay, l have* met with an intimntiori, though of 
^doubtful authority 4 , that it was perceived at Ronnfe. Our in* 
fortffrition of its progrefs over the continent is, ihdeed, very 
defective ahd obfcure; hcverthelefs, I th’mk, we have Sufficient 
proof that it traveled in all ‘13 or 14 degrees of latitude*, de*- 
fcriliing a track of 1000 miles at leaft over the for face of the 
earth; a length of courfe far exceeding the utmoft that has* 
been hitherto afcertained of any fimilar phamomenoir. 

‘To adduce the different accounts from which this path is 
determined, would not only be infufferably tedious, but con* 
trary to the intention of this letter, which is to give a film* 
mary view of the whole. They ate contained partly in letters,, 
and partly in the different news-papers of England and Scot¬ 
land, moft of which have been perufed for this purpofe. The 
information derived from the news-papers, however incorrect 
in the detail, is brought to fome degree of certainty by the 
check of comparing them with one another; and their fre¬ 
quent publication in moft places of confequence in this lfland, 
procures us advantages on the occafron of fueh extraordinary 
phenomena, not enjoyed in former ages, nor even now, to 
the like extent, in any other part of the world. 

It feems fcarcely more interefting to trace the path of theffe 
bodies with minute precifion, than it would be to mark the 
progrefs of a cloud’s lhadow upon the ground; but k is of 
confequence to their theory to afeertain well the cfire&ion of 
their courfe; and their deviations from a ftraight line, as im¬ 
plying fome particular caufe, fhould be carefully noticed. I 

* Journ. de Paris, Ao&t 24, 1783. 

f Pavkih’s General Advertifer, October 7, 1783. 
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luve • deviation to this meteor, from 

the concurrent trilimony of many obfervers, who/peak in the 
ffoiiteft term! of a manifeft change in its courfe about the 
time it was feen to burft; and their evidence is confirmed by 
drawing a line S.S.E. from that ■ part of Scotland to which the 
meteor Was vertical, for fuch a line is found to correfpond with 
its path as far as York (hi re, but in the fouthern parts! of the 
kingdom falls a great deal too much to the weftward. That it 
afterwards refumed its former courfe is rendered probable from 
the teftimony of the observers in Kent, who almoft uniformly 
mention its difappearance in the S.S.E. as well as from the re¬ 
marks made by feveral perfons near the metropolis, that when 
it attained its greateft elevation, it bore but one or two points 
to the northward of eaft. 

§ 5. This meteor was defcnbed by moft fpe&ators under 
three different forms, and is thus reprefented by Mr. Sandby 
in his beautiful Drawing * ; but the two firft of tliofe do not 
imply any real variation in its lhape, depending only on a dif¬ 
ference in the point of view. Accordingly, in the firft part of 
its courfe over Scotland, it was feen to have a tail, and is thus 
dofcribed by General Murray when it palled Athol Houfe. 
Two caufes concur in this deception; firft, the fore-lhortening, 
and even occultation, of the tail, when the object is feen uearly 
in front; and, fecondlyy that the light of moft part of the 
tail is of fo inferior a kind, as to be difficultly perceived at a 
great diftance, elpecially when the eye is dazzled by the over¬ 
powering brilliancy of the body. The length and lhape of 
Wthe tail, however, were perpetually varying; nor did the body 
continue always of the fame magnitude and figure, but was 
fometimes round, at other times elliptical, with a blunt or 

* Since engraved. See alldthefiguret tab. IV. of this volume. 
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pointed protuberance behind. Frdtafttch ^feaagii of*figui» 4 i 
th&imdofiheriraeteors it i», that they have been compared 4» 
cdlutnas?* or' pyramids of* fire, comets, bajyd* bottles,* 
pdptewtekiis,■ trumpets* tadpoles,- glafs-drdps? qooits, torched 
jaktftsk'i' 'goats#-dud many limdar objects; whence the multS- 
forious appellations given to them by the ancients were bor¬ 
rowed. * ’ ' . ! />-!’ 

•- iftetpe&kg the tails of meteors* it is hefe twoeflary to diftin- 
guWhbetweeri twodifferentparts of which theyconfift. The 
ferightefft pOrtbh feems to be of the fame nature as the body, 
and indeed an elongation of the matter comporting it; hut the 
other, and that commonly the largeft portion, might more 
-properly be called the train, appearing to be a matter left be¬ 
hind after the meteor has pafied $ it is far lefs luminous than 
the downer part, and often only df a dull or dnlky red colour. 
A fimilar train or flreak is not unfrfequently left by one of the 
Common falling ftars, efpecially of the brighter fort ? and vel- 
tiges of it fometimes remain for feveral minutes. It often 
happens, that even the large ‘fire-balls have no other tail but 
this train, and outs of the 18th of Augulf appeared at times to 
bt in that ftate«$ its tad was tikewife thought by fome fpe&ators 
to be fpirkl. 

' Under this changeable form, but flail as a Jingle body, it 
proceeded regularly till a certain period, when expanding with 
ta great incoeafe of light, it feparated iirto a clufier of fmatler 
bodies or ovals, each extended into a tail and producing a train. 
At the fame time a great number of fparks appeared to ilfue 
from it tit various directions, but moflly downward, feme os& 
which werfcfobright as alfi> to leave a fmali train.'.- Moll fir©- 
balls have fufiered a burning or explofion Of this kind; but 
In general they have been, thought te dilappear immediately 

7 afterwards. 
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mote j cnmpa&, ■« perbajWN^tmkiagsr: »n 4 fown* tobavc un¬ 
dergone other fimilar f*pA&6»nS befofe itTeft our iflend, and 
again upon the continent *«■< • Thp. difteronf account* teed to 
fhew, that, its fo® feparation or burfting happened fomewher© 
aver. Lincolnfoire, perhaps near the commencement of the 
fens. Many obforversdid not get light of k till after thwKge- 
xiod, and therefore never deforib© it as a fitvgle ball. There 
appears to be fomc deceptioa, in confequencft of which fpefta- 
tors are led to believe, that a meteor is extinguifoed by thefe 
explofions; for the fame opinion was formed,of tins in feveral 
parts of its courfe, though: we have foch decifiye evidence of 
its continued progrefs; whether it be 'that, the meteors really 
become more dull for a time immediately after their explofion, 
or merely appear fo on account of the greater preceding light, 
fince they are always defcrilaed as being naoft luminous the 
inftant they burft. 

It is obfervable, that the great change in this meteor cor- 
xefponds with the period in which it fufiered a deviation from 
its courfe, as if there was feme connexion between chafe two 
circumftance6; and there are traces of fomething of the fame 
kind having happened to other meteors. If the explolion be 
any fort of effort, we cannot wonder that the body foould be 
moved by k from a flraight Hue; but oh the other hand it 
feems equally probable, that if the meteor be forced, by any 
caufe, to change its dire&ion, the confequence foould be, a 
divifion or reparation of its parts. 

§ 4. Nothing relative to thefo meteors ftrikes the. beholders 
with fo much aftonilhment as the exceffive light they, afford, 

‘ * For another inflame of repeated explofion* confuli Mem. de lMUu d*» Scienc. 
1756, p*S3. 
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fufficient to render very minute objeft# viftbie upon the growil 
in the dtrkeft night, and larger ones l»yhe diftance ofmany 
mtfee fmm the eye. The illumiuatbn b often fo geeat at 
totally to obliterate the liar3, to make the moon look dull, and 
even to affed the fpedators like the fun jtfelfj :'n|y, there are 
many irtftances in which fuch meteors have madO^s^fplendid 
appearance in full fun-fhine. The colour of their light is 
various and changeable, but generally of a bluifli caft, which, 
makes it appear remarkably white. ,h curioua .effed of this 
was obfervcd at Bruffels the 18th of Auguft, that whilft the 
meteor was paffing, “ the moon appeared quite red, but faun 
** recovered its natural light ♦.** The brightnefs alone of tiie 
meteor is not fufficient to explain this, for the moon does not 
appear red when feen by day; but it mtift have depended on the 
the contrail of colour, and thews how large a proportion of 
blue rays enters into the compofition of that light, which 
could make even the filwr moon appear to have excefs of red. 
Prifmatic colours were aifo obferved in the body, tail, and 
fparks of this meteor, varioufly by different perfons; feme 
compared them to the hues of gems. The moment of its 
greateft brightnefs feems to have been when it burft the fir ft 
time; ;but it continued long to be more luminous after that 
period, than it was before. 

The body Of the fire-ball, even before it burft, did not ap¬ 
pear of an uniform fubftance or brightnefs, but confifted of 
lucid and dull parts, which were perpetually changing their 
refpeftive pofitions; fo that the whole effeift was to lome eyes 
like an internal agitation or boiling of the matter, and to 
others like moving chafms or apertures. Similar expreffiopa 

. * From a fetter of tlie Abbe Mauk’s, Dite&or of the Acardfemy at Bruffels, to 
Sir Joseph Banks, Bart. P. R. & , 

have 
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have been ufed in the de&ription of former meteors, The 
luminous fubftance was compared to burning brimftone or fpi- 
rits, Chinefe fire, the ftars of a rocket, a pellucid ball or bub¬ 
ble of fire, liquid pearl, lightning and ele&rical fire; few 
perfons fancied it to be folid, efpecially when it came near the 
zenith. Different fpe&ators obferved the light of the meteor 
to fuffer at times a fudden diminution and revival, which pro¬ 
duced an appearance as of fuccefiive inflammation ; but might, 
in fome cafes at leaft, be owing to the interpofition of fmall 
clouds in its path. 

§ 5. When, in confequence of a more accurate attention 
to natural philofophy, fuch obfervations were firft made upon 
fire-balls as determined their height, the computers were with 
reafon furprifed to find them moving in a region fo far above 
that of the clouds and other familiar meteors of our atmo- 
fphere; efpecially as to every uninformed fpe&ator they appear 
extremely near, or as if burfting over his head, a natural 
effe& of their great light when feen without intervening ob¬ 
jects. Their real height is to be collated from obfervations 
made at diftant ftations, which, for the greateft accuracy, 
ought to be fo fituated, that the line joining them may cut the 
path of the meteor at right-angles, and that, at its greateft 
elevation, it may appear from both of them about 45° above 
the horizon, on oppofite fides of the zenith. Alfo two fiations 
on the fame fide of its path, if the leaft angle of elevation be 
not very fmall, and the difference between that and the greateft 
angle be confiderable, are by no means to be rejected. But 
little reliance can be placed upon obfervations of a meteor’s 
altitude at any fuppofed period of its courfe, fuch as the mo¬ 
ment of its burfting; becaufe thofe changes are feldom fo in- 
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ftantattegtts, br f&en fo much alike by different fpedators, at to 
be Mafked with fufficient certainty. 

Even in proper flat ions it rarely happens, that the angle ©£ 
elevatioh can be dblevved with that degree of accuracy, which 
is neceflary for any certain determination of the height. An 
'eftimate by the eye is doubtful, not only on account of the 
flattened Curve the Iky feems to delcribe, for which the moft 
experienced obfervers fcarcely ever make a juft allowance, bat 
likefwife of the emotion produced by Inch an unexpected, mag¬ 
nificent, and perhaps alarming fpeCtncle,-which renders it 
almoft impoffible to be quite collected. Therefore, uni,eft an 
ObferVation be checked by means of a houfe, tree, or fane 
fixed body, along which the meteor was found to range, it 
muft be received as uncertain; By night the ftars afford ex¬ 
cellent marks, efpecially if the time be known with exaCtnefs ; 
the brighter meteors, indeed, render thefe faint lights invifible 
for the moment, but here we derive an eminent advantage from 
the train, which remains after the meteor is gone, and deli¬ 
neates perfedly its track through the heavens, if no fuch 
marks have been taken, the expedient of endeavouring to re¬ 
coiled: the part of the fky where it paffed, and afeertaining that 
height with a quadrant, may often be ufeful; but there are 
many men of fuch a turn of mind, that the original impref- 
fion made upon them will be totally perverted by their own 
iubfequent reflexions and the remarks of others; in which cafe 
fuch an application of inftruments i3 likely to give a refult 
farther from the truth, than their firft immediate judgement, 
however vague and hazarded. 

I am forry to add, that moft of the obfervations in my pof- 
feflion of the meteor which appeared the 18th of Auguft, give 
its altitude by eftimation only ; yet 1 hope their correfpondence 
I with 
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with one another will gain theta a degree q£ credit, ,ta which, 
if fingle, they woold not he entitled^, ). « 

t. In a letter from ,Perth in Scotland; itlaid, that “ a 
V gentleman, who lias a very good eye, ohferyed the meteor 
“ pafs about 6 3 to the weftward of the zenithand a Pro- 
feflor in one of the Univerfities, being at Ardoch on the banks 
of the Tweed, about two miles below Dunbarton, judged it to 
have “ at leaft 45 0 of elevation above the liorizon.” Thefe 
altitudes would make its real height 57 ftatute miles, 

2. At St. Andrew’s in Scotland, “ it was not quite vertical, 
♦‘.but according to fome was 20° or 25' from the zenith, ac- 
“ cording to others not fo much.” Taking the greateft of 
thefe diftances as neareft the truth, fince we are ufually led to 
eftimate altitudes greater than they really are, thisobfervation, 
calculated with that of Ardoch, gives 60 miles tor the height. 

For the communication of thefe obfervations, collected by 
his friends, I am indebted to General Melvill F. R. S. 

At Edinburgh the meteor palled very near the zenith, in 
which cafe a deviation of a few degrees is fcarcely perceptible 
to a common eye. 

The rev. Mr. Watson of Whitby, in a letter to Lord 
Mulgrave V. P. R. S. is very confident, that the greateft 
altitude of the meteor, which palled to the weftward of his 
zenith, was 6o°. Mr. Edgeworth F. R. S. in his letter to you, 
Sir, ftates its elevation at Edgeworth’s-Town near Mullingar, in 
Ireland, as »o° or 1 a 0 above the eaftern horizon. Thefe obferva- 
tions, calculated ftri&ly from the latitudes and longitudes with 
the allowance for the curvature of the earth, as indeed were 
all the reft where the difference would be fenfible, give 57 
miles for the height of the meteor. 

E e 2 4* hi 
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4. In the Morning Chronicle of Sept. 19. is inferted a letter" 
from Newton Ardes, 7 miles eaft of Belfaftj in Ireland, cor- 
refpondtng lo well with Mr. Edgeworth’s in the defcriptlon 
©f the meteor, as to appear very good authority. The altitude 
is there given as 16 0 , whence a height of 58 miles with the 
obfervation at Whitby. 

5. Mr. More, Secretary to the Society for the encourage¬ 
ment of Arts, Manufa&ures, and Commerce, faw the meteor 
as he was riding about three miles S.W. of Brofeley in Shrop- 
Ihire, and judged it to be elevated 35 0 . By a perpendicular 
drawn from this fpot to its fuppofed path in Lincolnlhire, its 
height came out 59 miles. 

6. The altitude of 25'’ determined at Windfor I take to be 
one of thofe on which moft reliance can be placed, becaufe the - 
gentlemen prefent, two of them Fellows of the Royal So-' 
ciety, were remarkably well qualified for fuch an eftimation. 
The letter you received, Sir, from Profeflor Allamand of 
Leyden, mentions that the meteor was feen there about 30° 
above the horizon, and the terms in which it is deferibed in 
the Dutch news-papers * agree with this account. Its height 
hence calculated appears to be 58 miles. 

7. Mr. Thomas Squire, of Folkftonc, obferved the meteor 
over hishoufe, as he was in the pofture of leaning back agailift 
a hedge; he afterwards tried “ its ranging with the roof by a 
“ quadrant, and found it 68°I above the horizon.” Reducing 
this obfervation to the perpendicular dropped from Windfor on 
the path of the meteor, its height comes out 54 or 55’ miles. 
Mr. SoyiRE*s altitude, determined by a fixed objeft, is con¬ 
firmed by the eftimate of feveral perfons at Ramfgate. 

♦ , > 

- * Amfterdamifcht Courant, Aug. 28, 1783. 
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8. The meteor was feett by Mr. St^evens F.,R. S. at 
Hampdead near London, moving along overthe top of a row of 
trees. Mr. Cavendish F. R. S. having taken the altitude of 
thefe trees with a quadrant, found that of the highed, as Leu 
from the part of the garden-walk oppofite to it, to be 33°; 
which correfpotids very well with the other obfervations, and 
confequently gives the fame height for the meteor. Mr. Stee- 
vens kept his eye upon it conftantly, vvhiift he palled brifkly 
along the walk. 

This agreement of the different altitudes is nearer than 
could be expeCted ; yet 1 know of no contradictory obfervations 
of any authority, except fome made near Plymouth and in 
Cornwall, where the meteor being pretty near the horizon, its 
altitude, as will commonly happen in fuch cafes, is given too 
great. The effeCt of this, however, would be to ihew, that 
the meteor was higher; and therefore, I think, we may fafely 
conclude, that it mud have been more than 50 miles above the 
furface of the earth, in a region where the air is at leaf!; 30000 
times rarer than here below. 

Contrary to what has been afferted of mofl other fire-balls, 
this of the 18th of Augud appears by the preceding obferva¬ 
tions to have kept on in a parallel caurfe, without any defeent 
or approach toward the earth. It may be much quedioned, 
whether fuch a defeent has been proved in any former indancc. 
The meteor deferibed by Sir John Pringle has been cited as 
the moft certain examplebut any per ton who carefully exa¬ 
mines the obfervations thenafelves,. as dated in the 51 if volume 
of the Phiiofophical Tran factions, will find them totally in¬ 
adequate for fuch a conclufion; its height feems to me deter¬ 
mined only in one part of its courfe, between Iflaud-Bridge 

and: 
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and AnCtam, land was there from 48 to 50- miles *. M. L* 
Rot fhffpbfes the fire-ball feen July 17, 1771, to have been 
54 miles high When it b.-gan, and 27 at its expiofion + ; buts 
does not give the fa&s on which his calculation is founded. 

Every philofopher muff be ftruck with the agreement of 
thefe meteors in their diftance from the earth, juft beyond the 
-limits of our ci;epufcular atmofphere. 

§ 6 . That a repott was heard fome time after the meteor of 
the 18th of Auguft had difappeared, is a fa£t which refts 
upon the teftimony of too many witnefles to be controverted, 
■and is, befides, conformable to what has been obferved in raoft 
other inflances. In general it was compared to the falling of 
fome heavy body in a room above ftairs, or to the difcharge of 
one or more large cannon at a diftance. That rattling noife, 
like a volley of imall arms, which has been remarked after 
other meteors, does not feera to have been heard on this occa¬ 
sion. From a comparifon of the different accounts, it appears 
as if the report was loudeft in Lincoln (hire and the adjacent 
•countries, and again in the eaftern parts of Kent; in the inter¬ 
mediate places it was fo indiftinft as generally not to have been 
noticed, and all obfervers of credit in Scotland deny that they 
heard any thing of the fort. If, therefore, this report be connected 
with the burftittg of the meteor, I fhould be inclined to fuppofe, 
that found was produced two feparate times, namely at the firft 
explofion over Lincolnfhire, and again when it feemed to burft 
foon after entering the continent. Ingenious men have availed 
themfelves of this found, to calculate the diftance and height 
of meteors; and the exa&nefs attained by this method, in the 
computation of the late fire-ball from the report heard at 

* Phil* Trnnf. vol. LL p. £41* and 274* 

+ Mem* (k 1 * Acad, des Scienc. 1771, p* 676. 
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Wiadfor *, is very remarkable; but in general the accounts dis¬ 
agreed ib much, that it would have been importable to conclude 
any tiling from them. Perhaps too the method itielf is Id's 
certain than has been thought; for as the propagation of found, 
and with intenfity too, in air rarefied 30000 times, preheats 
great difficulties in theory, though it may be in fome meafure 
explicable from the vaft bulk of the meteor, and the large 
quantity of this rare air it may therefore dilplace by a fudden 
expansion ; I think it not improbable, that fome hitherto un¬ 
perceived circumftance comes into play, by which the whole 
efteft may be modified: for infiance, if matter belonging to 
the meteor itielf be what conveys the found ro our lower atmo- 
fphere, it may either admit found to be propagated through it 
at a different rate than through common air, or it may move 
much fafier than found travels, as the entire meteor certainly 
does, and carry on the fonoritic vibrations with it. Moreover,, 
we cannot be fure what is the velocity of found in air fo much 
.rarer than where our experiments have been made. For thefe 
reafons, while we diftruft calculations of meteors founded on 
the progrefs of found, we fhould be particularly careful to note 
dowu the intervals, and all the circumftanees, as they may lead 
to very curious difeoveries. The effect of the noife is, fre¬ 
quently, to produce fuch a fhaking of the doors, windows, and. 
the whole houfe, as is miftaken for an earthquake. 

Befides the report as of explofions which was heard after the 
meteor, another fort of found was faid to attend it, more 
doubtful in its nature, and lefs ertablifhed by evidence ; I mean,, 
a kind of biffing, whizzing, or crackling, as it parted along. 
That found fhould be conveyed to us in an inftant from a body 
above 50 miles diftant, appears fo irreconcilable to all we 
know of philofbphy, that perhaps we fhould be juftified in 

* See p, 111. of this volume. 
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imputing the whole to an affrighted imagination) or tin illufion 
produced by the fancied analogy of fireworks. The teftimony 
in fupport of it is, however, io confiderable, on the occaiion 
of this as well as former meteors, that I cannot venture to 
tejeCt it, however improbable it may be thought, but would 
leave it as a point to be cleared up by future obfervers. 

§ 7. To determine the bulk of the fire-ball, we muft not 
only have calculated its diftance, but alfo know the angle un¬ 
der which it appeared. For this purpofe the moon is the ufual 
term of companion ; but as it was thought, at very different 
■diftances, to prefent a dilk equal to that luminary’s, and the 
fame expreffions have been applied to moll preceding fire-balls, I 
•conceive this eftimation rather to be a general effect of the 
idrong impreffion produced by l'uch fplendid objects oil the 
mind, than to convey any determinate idea of their fixe. How¬ 
ever, if we fuppofe its tranfvcrfe diameter to have iubtended 
an angle of 30' when it paffed over the zenith, which probably 
is not'very wide of the truth, and that it was 50 miles high, 
it muft have been almoft half a mile acrofs. The tail fome- 
times appeared 10 or 12 times longer than the body ; but moft 
-of this was train, and the real elongation behind feems feldom 
to have exceeded twice or thrice its tranfverfe diameter, con- 
fequently wds between one and two miles long. Now if the 
cubical contents be confidered, for it appeared equally round 
and full in all directions, fuch an enormous mafs, moving 
with extreme velocity, affords juft matter ef aftonilhment. 

§ 8. The duration of the meteor is very differently ftated, 
partly becaufe fome obfervers had it in view a muck longer 
'time than others, and partly becaufe they formed different 
judgements of the time. Thofe who faw leaf! of it feem to 
■have perceived its illumination about ten feconds, and thofe 

, who 
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•Hho few moft of k about a minute: hence the various ac¬ 
counts may in feme meafure be reconciled. Mr. Hebsche£, 
F. R. S. at Wiadfor, muft have kept it in fight long after other 
observers had thought it extinft: for though, probably, he 
did not fee the beginning, as it never appeared to him like a 
fingle ball, he watched it as much as “ forty or forty-five 
“ feconds, the laft twenty or twenty-five of which it remained 
“ almoft in one fituation, within a few degrees of the hori- 
“ Mo,” This confirms the foreign accounts of ks long pro* 
grefs to the fouthward, 

As fcarcely any one had fufficient p re fence of mind to mi¬ 
nute the time by his watch, the periods given for its duration 
are moftly by guefs. To cor reft this rude conjeftore, it ha* 
been propofed, that the obferver (hould endeavour to pafs over 
the time in his own mind as well as he can by recolleftion, 
whilft another perfon filently marks the feconds with a watch. 
This may do fomething, but ftill leaves the matter very uncer¬ 
tain, as the nature of the emotion felt by the fpeftator while it 
was pafiing will caufe the imprefliou of a longer or fhorter 
time to be left upon his mind; and the formal procefe of re¬ 
colleftion is fo tedious, that l believe the duration -will in this 
way generally be made too fhort. Mr. MebsChel, at my 
requeft, was fo good as to aft over his obfervation, with the 
portions and gestures he was obliged to employ ; and this feems 
likely-to come nearer the truth than a fimple effort of the mind 
at recolleftion. But the fureft method would be, to repeat 
aay uniform action in which the fpeftator might haVe been 
engaged at the timet as, for inftance, to walk over the fame 
lpace of ground that he parted while the meteor was in fight. 

f 9. From the apparent motion of the meteor, compared with 
its height, feme computation may be formed of its aftonifhing 

Vol. LXXIV. F f velocity. 
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velooitjf* t ' As at the height -of • 50; miles' ^abbvsv the Turface-lsf 
thee^rth, it; ttjjghr be vifible frara the faase-.iftation for tttmdr 
of^tjjopp: than a?bo miles; and the longeft • continuance 0$ iff 
ipumaaation fparcely exceeded a minute, we "have hence fonde 
prefumptien that it moved not ;lds than 20 niiles in a fecond. 
The res*. Mr. Watson, in his letter to Lord Mutt rave, 
fays, that the arc defer ibcd by it whil/t in his view could not be 
le/s than yo° or 8o°, and yet the time could not,exceed 4." or 5" at 
tuoJ. .This, with an altitude of 6o 0 ,' and height of 50 miles,’ 
gives for its velocity about 21 miles in a lecond. Theobferver 
at Newton Ardes eftimated its motion to be io° in a fecond, at 
the altitude of 16°; this would make its velocity 30 miles in a 
lecond. Mr. Herschel found it deferibe an arch of 1:67® 
during the 40 or 45 J'econds he obferved it, which gives a velo¬ 
city of more than 20 miles in a fecond. Finally, Mr. 
Aubert F. R. S. thought it deferibed an arch of 136° of azi¬ 
muth in 10 or 12 fcconds , which would make its velocity above 
40 miles in a fecond. I am fenlible of the objeftions that may 
be npide to ah.tbefe computations; undoubtedly they are too 
vague ; and yet, ail taken together, perhaps they may have 
fopie weight, efpecially as they correlpond fo well with the 
different phenomena of the meteor's duration, and other fire¬ 
balls have been-computed to move as faft *. Stating the velo¬ 
city at the loweft computation of 20 miles a fecond, it exceeds 
that of found above 90 times, and begins to approach toward 
that of the earth in her annual orbit. At Inch a rate, it muft 
have paflfi^l over the, whole ifland of Great Britain in lefs than 
half a minute, and might have reached Rome within a minute 

* See Mem. de 1 ’Acad. des Scicnc. 1771, p, 678. Phil. Tranf. N 6 347. and 
360. and vol. LI. p. 263, &c, 

’5 afterwards, 
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., Front* this, calculation; ..it will fee evident, ttfeat tfeerc.is Ifetje 
chauee of determining the velocity of meteors from the times of 
their palling the zenith of different places,} and that, therefore we 
muft. principally depend on obferving carefully, with a watch 
that fhews feconds, their apparent velocity through the heavens. 

THE fire-ball which appeared on the 4th of October, at 43^ 
pafl fix in the evening, was much finaller than that already de- 
feribed, and of much fhoiter duration. It was firft perceived 
to the northward as a ftream of fire, like the common fhooting 
ftarfc, but large; and having proceeded fome way under-this 
form, it fuddenly burft out into that iatenfely bright bluifli 
light which is peculiar to fuch meteors. At this period I law 
it, and can compare the colour to nothing I am acquainted 
with fo well, as to the blue lights of India, and lome of the 
largcft electrical fparks. The illumination was very great; 
and on that part of its courfe where it had been fo bright, a 
dufky red ftreak or train was left, which remained vifible per¬ 
haps a minute even with a candle in the room, and was thought 
by fome gradually to change its form. Except this train, I 
drink the meteor had no tail, but was nearly a round body, 
or perhaps a little elliptical. After moving not lefs than 10® 
in this bright ftate, it became fuddenly extinct, without any 
appearance of burfting or explofion. 

This riieteor w’as feed for fo fhort a way, that it is fcarcely 
pofltble to determine the direction of its courfc with accuracy; 
but as in proceeding to the eafhvard it very perceptibly inclined 
tqwprds the horizon, it certainly moved foipewhere from the 
north-wefiward to the fouth-eaflward. Its dunison ^was fo ^ 
‘‘ i F f 2 * flrort, 
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fleet, dbflt away perfons thought it pa&d in in ep peftt i Ms* 
tkxi; for my own part, I found myfelf abfehtdy unable 
fwe t aii ae whether the motion was _^w« or toward the S.E. 
SbtHo fpeftators were of opinion, that kchanged its courfe the 
moment it became bright, proceeding no longer in the fame 
freight line; but my information is not fufficient to determine 
this queftion. 

My fituation, Sir, was particularly fortunate for afeertaining 
the height of this meteor, as 1 faw it from your Library, 
ranging immediately over the oppofite roof of your herufe. 
Hence I find by a quadrant that its altitude, even when it be¬ 
came extin£t, could not be Iefs than 32®. The upper rrorthem- 
moft end of the train it left bore, as I judge by the compafs, 
about 28® northward of true E. and the lower end about 14®. 
I have only one obfervation to compare with this, which was 
made by Mr. Boys of Sandwich. He concludes, from the 
train I imagine, that “ it difappeared juft under, and a very 
“ little to the weftward” (rather northward) “ of, the ftar 
41 yin the foot of Cepheus.” At that timey Cephei was about 
57 0 high, and bore above zi a to the eaftward of N. whence the 
height of the meteor above the furface of the earth, after all 
proper allowances are made *, muft have been between 40 and 
50 miles. 

As there was no appearance of burfting at the -extindion of 
this fire-ball, fo no report was heard after it; nor did any found 
attend it. 

Some observers thought this meteor alfo near as big as the 
moon, but to me it did not appear above one quarter of her dia¬ 
meter, which would make its breadth fomewhat above a furlong. 

* It appears from observations taken by Gen, Roy, F. R. S. that the bearing 
of Sandwich from London is not fo much to the fouthward of eaft, as it it laid 
down in our maps, 



v Hr &ewhele«f the meie«*» ttadt be included, It feems w 
ba«i IsHetf as much *» three feconds, but hi the bright ftate 
its duration was left then two, 1 think not much above one. 
Suppofing it defcribed an arc of 14° in r{ feeond, or, accord¬ 
ing to Mr. Albert's obfemtion, of * 5* in 3", its real velo¬ 
city was about 12 miles a feeond. 

Such meteors as thefe, which pafs like a flalh of lightning, 
and deferibe lb Ihort a courfe, are very unfavourable for calcu¬ 
lating the velocity, but afford great advantages for determining 
the height, as they muft be feen nearly at the fame moment 
and in the fame place by the different obfervers. Other in¬ 
ternees are found of fire-balls beginning with a dull red light 
like a falling ftar, particularly the great one of March 19, 
1719, treated of fo fully by Dr. Halley • and Mr. Whis- 
ton +. 

It is remarkable, thatr a fimilar meteor had appeared the 
fame day, that is, Saturday the 4th of Oftober, about three 
in the morning, though, on account of the early hour, it was 
feen by fewer fpefkators. They reprefent it as rifing from the 
northward to a fmall altitude, and then becoming ftationary 
with.a vibratory motion, and an illumination like day-light; 
irvauifhed in a few moments, leaving a train behind. This 
fort of tremulous appearance has been noticed in other me¬ 
teors, as well as their continuing ftationary for fome time, 
either before they began to fhoot forward, or after their courfe. 
was ended. 

* Ftiil. IVuC vdI. XXX. N® 350. p. 97*. 

f Accouat ofa toptiiog mettor fnn March 19, 1719. 
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:> I it,. Sir, impoffiblc to quit, this fiubjeft, without feme 

rsf^Kj^s about the caufe, that can be capable of producing 
appearances at an elevation above the earth, tyhere, if the, 
atmosphere cannot abfolutely be faid to have ccafed, it is cer¬ 
tainly to be confidered as next to nothing. The firft idea which 
fuggefted itfelf, that they were burning bodies projected with 
jfuch a velocity, was quickly abandoned, from the want of 
any known, power to raife them up to that great height, or, if 
there, to give them the required impetus; and the ingeuuity 
of Dr. Halley foon furnilhed him with another hypothefis, 
iu which he thought both tilde difficulties obviated. He fup- 
pofes there is no projedlion of a fingle body in the cafe; but that 
n train of combuftible vapours,accumulated in thofe lofty regions, 
is fuddenly let on fire, whence all the phainomcna are produced 
by the fucceffive inflammation *. But Dr. Halley gives no juft 
explanation of the nature of thefe vapours, nor of the manner 
in which they can be raifed up through air fo extremely rare; 
nor, fuppofing them fo raifed, does lie account for their regu¬ 
lar arrangement in a ftraight and equable line of fueh prodi¬ 
gious extent, or for their continuing to bum in fuch highly 
rarefied air. Indeed, it is very difficult to conceive, how va¬ 
pours could be prevented, in thofe regions where there is in a 
manner no preflure, from lpreading out on all fides in conle- 
quence of their natural clafticity, and inftantiy loling that de¬ 
gree of, denfity which feems necefiary for inflammation. Be- 
lides, it is to be expected, that fuch trains would fometimes 
take fire in the middle, and foprclent the phenomenon of two 
meteors at the fame time, receding from one ’another ih a 
diredt line. 

Thefe difficulties have induced other philofophers to relin- 
quilh Dr. Halley’s hypothefis, and propofe, inftead of it, 

” 1 * * Phil. Tr.inf. vol. XXX. N° 360. 
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of a vVtf" ofipbfite nature* that meteorsare permanent h>lid 
bodies, not raifed up from the earth, but revolving- round it in 
very eccentric orbits; or,’ in other words, that they are ter- 
reftrial comets'*. The objections to this opinion, however, 
leem to me equally great. Moft obfervers deferibe the meteors, 
not as looking like folid bodies, but rather like a fine luminous 
matter, perpetually changing its fhape and • appearance. Of 
this many defenders of the' opinion are fo fenfible, that they 
luppofe the revolving body gets a coat or atmofphere of elec¬ 
tricity, by means of which it becomes luminous; but, I 
think, whoever carefully perufes the various accounts of fire¬ 
balls, and efpecially ours of the 18th of Auguft when it di¬ 
vided, will perceive that their phenomena do not correfpond 
with the idea of a folid nucleus enveloped in a fubtile fluid, 
any more than with the conjecture of another learned gentle¬ 
man, that they become luminous by means of a contained 
fluid, which occasionally explodes through the thick folid outer 
lhell +. 

A ftrong objection to this hypothefis of permanent revolving 
bodies, is derived from the great number of them there mult 
be to anfvver all the appearances. Such a regular gradation is 
obferved, from thofe large meteors which ftrike all beholders 
with aftonifhment, and occur but rarely, down to the minute 
fires called fhooting ftars, which are feen without being re¬ 
garded in great numbers every clear night, that it feems impof- 
fible to draw any line of diftinCtion between them, or deny 
that they are all of the fame nature. But fuch a crowd of re¬ 
volving bodies could fcarcely fail to announce their exiftence by 
fome other means than merely a luminous train in the night; 

* See a differtation on this-fubj eel by Profeffor Clat, of Yale College, New 
England. 

t Phil, Tranf. vol. LI. p. 267. 
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**» ^JttCbwee, by meeting or jofflmg fometima# near ||» 
earth, or fay filing to the earth ht contequonce of various ac- 
#feil»; at leaft we might edged: they would be feen in the 
day-time, either with the naked eye of telefcppe*, by fome of 
the numerous obfervers who are conftantly examining the hea- 
-Irens. With regard to thefe billing ftars, it were much to he 
wifhed, that obfcrvations fliould be made upon them by dif¬ 
ferent persons in concert at diftant ftations, for the purpole of 
ascertaining their height and velocity; which would tend very 
much to iliuftrate all this part of meteorology. 

Another argument of great weight againft the hypothefis 
that fire-balls are terreftrial comets, is taken from their great 
velocity. A body failing from infinite fpace toward the earth, 
-would have acquired a velocity of no more than 7 miles a fe- 
cond, when it came within 50 miles of the earth’s fur Face j 
whereas thefe meteors feem to move at leaft three times fader. 
And this objection, if there be no miftake in regard to the ve¬ 
locity of the meteors, as I think there is hot, abfolutely over* 
lets the whole hypothefis. 

What then can thefe meteors be ? The only agent in natUne 
wfrh which we are acquainted, that feems capable of producing 
fyeh phenomena, is electricity. I dp not mean that by what 
is already known of that fluid, all the difficulties relative to 
meteors can be fplvcd, as the laws, by which its motions on a 
large feala ar© regulated in thefe regions fo nearly empty of air, 
can fcarcely, I imagine, be inyefhgated in our fmall, experi¬ 
ments with-e^hauAed veflels but only that feverol of the faffca 
point out a ne-SMT cpnt>exion aadanalogy with cle&ricity, and 
that none of them, irreconcilable toth® difcpvered laws- of 

that fluid. 

* How nearly the phenomena of meteors have been reprtfented by artifiaia) 
electricity is known from a very remarkiblf experiment of hlr, A* dew 1 ?. See 
PmeiTi-iY, vol. V, p* 379. 

7 1. Ele&ricity 
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,p i. -Elcfiricky.moves with fueh a, prodigious velocity, as.to 
(elude all the attempts hitherto made by philofophers to deleft 
,.it; but the fwiftnefs- of meteors, ftating it at 20 miles a fe- 
cond, is fuch as tio experiments yet contrived could, have dil- 
,,covered, and which feems to belong to eleftricity alone. This 
. is, perhaps, the only cafe in which the courfe or direftion of 
that fluid is rendered perceptible to our fenfes, in confequeiuc 
of the large fcale on which tliefe fire-balls move. 

2. Various eleftrical phenomena have been feen attending 
meteors. Lambent flames are defcribed as fettling upon men, 
horfes, and other objects *; aud iparks coming from them, or 
the whole meteor itfelf, it is faid, have damaged Hups, hoqfes, 
&c. in the manner of lightning -f. Tliefe fafts, 1 muft own, 
are but obfeurely related, yet ftill they do not feem to be defti- 
tute of foundation. If there be really any hiding noife heard 
while meteors are palling, it feems explicable on ho other fup- 
pofition than that of dreams of eleftric .matter iffuing from 
them, and reaching the earth with a velocity equal to that of 
the meteor, namely, in two or three fecotids. Accordingly, 
in one of our late meteors, the biffing was“compafed to that of 
eleftricity iffuing from a Cfnduftor The fparks flying off lo 

perpetually 

* Pkiistiey’s Biftory .of Eleftricity, ji, 352. Mem. de i’Acad. des Scienc. 
1771, p. 681^ 6S2. See an^odd faft, _ pci Imps of' thi, nmtie, in Parker's 
General Advertifer, Dec, 1, 1783^, _ . 

f Mem. ano. de I’Acadj.ple Dijon, tom. 1. [lift, p 22. Phil, ’Trinf, vol. 
XLVI. p. 366. >Hift, ( dc I’Acad, des Scienc. 1761, p. 28. 

% Chefter,Weekly ,^Cqurantj Augiift 26, 1783. This and nnny oilier cu¬ 
rious circu 111 ft arises, relative to^metqois, aie fo well exemplified in tlie flow¬ 
ing obfervation, made fevcral years ago by Mi. Robin- on at Hind fey hi I > 1- 
ccfteilliire, tint 1 think it worth tianfcnbmg betc, cfpunlly as it etc its in 
sjotk which lew people would think of conhftting on fuch a lubjcft. “ Oft ?6, 
“ 1766, at half paft five in the evening, after a violent ftorni of wind and tain, 
’.Voi. LXX 1 V. Gg ‘ “l 
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perpetually from the body of fire-balls, maypofiiblybave fome 
conneaion with thefe ft reams *. In the fame tiianner the focfrfd 
pf explosions may perhaps be brought to us Quicker, than if'it 
were propagated through the whole diftance by air alone. 
Should thefe ideas be well founded, the change of diteffidn 
which meteors leem at times to undergo, may' poffibly be in¬ 
fluenced by tire ftate of the furface of the earth over which 

4t X observed a fiery meteor. Its diredion was from N.W. to S.E. nearly in a 
41 horizontal direction; it pafted very near to me, and was of an elliptical form ; 
44 its motion about 40° in 2" or 3" of time. It was very bright and lucid to 
«« appearance like the paled lightning, and emitted fparks continually, which 
formed a kind of tail toward the N.W. which feemed to be extinguiihed at fhe 
44 diftance of 2 0 or 3" from the body ; there was a fmall portion that parted from 
44 it. The cohefion of matter was fo great, that it drew a thread of confiderable 
44 length from the body, before it broke from it. During the pafTage there was a 
44 kind of biffing noife , much like to what we hear from the eUftrical machine 
44 when the elettric matter is running away , or as when it is cfcaping from a full 
44 charged jar ” Bibliotheca Topographies Britannica, N°VII. p. 81. 

♦ Hift. de PAcad. des Scienc. 1761, p. 28. Mem. de PAcad. de» Scienc. 
*771, p, 682. Extra# of a letter from the Abbe Mann, Director of the 
Academy at Bruftels, to Sir Joseph Banks, Bart. P. R. S. 44 I fhall only men- 
44 tion one fingular circumftance, which was communicated to me by a particular 
ft friend of mine* It happened at Mariel&rcke, a fmall village on the coaft, 
44 about half a league to the W. of Oftend. The curate of the village was 
44 fitting in the dufk of the evening with a friend, when a fudden light furprifed 
44 them, and immediately after a fmall ball of light-coloured flame came through 
44 a broken pane of glafs, crolfed the room where they were fitting, and fixed 
44 itfelf on the chink of a door oppofite to the window where it entered, and 
44 there died gradually away. It appeared to be a kind of phofphoric light, 
44 carried along by the current of air. The curate and his friend, greatly furpiifed at 
44 what they faw, apprehended fire in the neighbourhood 5 but going out, found 
44 that the fire, which had come in through the window, had been detached from a 
large meteor in its paffage.” 

JHow far thefe and fimilar appearances may be owing fimpiy to the illuroinafr 
tion produced by meteors, fhoultl be attentively coafidered in the inveftigation 
of fuch fatts. 
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they arc parting, and to w^iich the ftreams are fuppofed to 
reach. A fimilar caufe may occalion the apparent explofion* 
the opening of more channels giving new vent and motion to 
the define fluid. May not the deviation and explofion which 
appear to have taken place in the fire-ball of the 18th of Au- 
guft over Lincolnfhire, have been determined by ks approach 
toward the fens, and an attraction produced by that large body 
of moifture? 

* 3. A further argument for the eleCtric origin of meteors is 

deduced from their connexion with the northern lights, and 
the refemblance they bear to thefe electrical phaenomena, as 
they are now almoft univerfally allowed to be, in feveral par¬ 
ticulars. Inftances are recorded, where northern lights have 
been feen to join and form luminous balls, darting about with 
great velocity, and even leaving a train behind like the com¬ 
mon fire-balls *. 1 his train I take to be nothing hut the rare 

air left in fuch a highly eleCtrified ftate as to be luminous; 
and fome ftreams of the northern lights are very much like it. 
The aurora borealis appears to occupy as high, if not a higher, 
region above the furface of the earth, as may be judged from 
the very diftant countries to which is has been vifible at the 
fame time + ; indeed the great accumulation of eleCtric matter 
feems to lie beyond the verge of our atmofphere, as efti- 
mated by the ceflation of twilight. Alfo with the northern 

* Hift. de PAcad. dcs Scienc. 1705, p. 35. Whiston’s Account of a 
Meteor feen in the Air 171^. Phil. Tranf. vol, XLI. p. 626 ; and LIIL p. 6 ? 
Alfo a moft pointed fa& in the A£t. Liter, Sueciae, 1734, p* 78. 

-f Bergman, upon a mean of 30 computations, makes the average height of 
the northern lights to be near 70 Swedifli, that is, about 460 Englifh miles. 
Kong, Vetenik. Acad. Handlingar, vol. XXV. p. 193. See alfo Phi). Tranf. 
vol. LIV. p. 327* and M. de Mairan’s Traite de TAurore Boreale, p. 51. 

G g 2 lights 
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lights noil'e is faid to be heard in fome very cold .cli-* 

; .,'Gmelin fpeaks of it in the mbit pointed terms, as 
frequent and very loud in the nortji-eaftera, pacts'of Siberia* 
and other travellers have related fimilar fadts 

; But,' 

X* Reife < 3 urch Siberien, vol. III. p. 13$. As the whole paflage is very 
remarkable, and has never, that I know, appeared in Enghfh, I thought the ? 
following tranllation of it might be acceptable. 

“ Thefe noi thorn lights begin with finglc bright pillars, iifing rn the N. ‘and * 
46 almod at tht fame time m the N.E. which gradually increafing comprehend a' 
i€ latge fpace of the heavens, rufli about from place to place with incredible vclo~ 

4 city, and finally almod cover the whole (ky up to the zonithv The dreams are* 
•* then feen meeting together in the zenith, and produce an appearance as if a 
“ vad tent was expanded in the heavens, glittering with gold, rubies, and fap- 
“ phite. A more beautiful fpe&acle cannot be painted ; but whoever fhonfd fefe 
4< inch a northern light for the firft time, could not behold it without terror, 

44 For however fine the illumination may he, it is attended, a& I have learned from 
44 the relation of many perfons, with fuch a hiding, cracking,' and ruihing node 
** throughout the air, as if the larged fire-works wore playing off. To deferibe 
14 what they then hear, they make ufe of the expteflion, Spohchi chodjat, that is, 
il the raging hod is palling. The hunters who purfuc the white and blue foxes 
“ in the confines of the Icy Sea, are often overtaken in their courfe by thefa 
northern lights. Their dogs are then fo much frightened, that they will noc 
move, but lie obdinately on the ground till the noife has palled. Commonly 
4 * clear atid calm weather follows this kind of northern lights. I have heard this 
44 account, not from one perfon only, but confirmed by the uniform teftimony 
“ of many, who have fpent part of fcveral years in thefe very northern region** 

“ and inhabited different countries from the Ycmfei to the Lena; fo that no 
44 doubt of its truth can remain. This feems indeed to be the real birth-place 
44 of the aurora bdreaiis.” 

It is here to be obferved, that Gmelin did not collett the account himfclf, but 
extracted it fiom letters or papers of M. de lTsle de la Crovlre^, who was 
huiifelf far to the northward of Yakutlk, without hearing tliefe noifes ; probably, 
therefore, it is much exaggerated, though one can fcarccly fuppofe the whole 
tp be fabulous. 

f Muffthcnbroeek Introduft. § 2495. Beccaria ddl’ Ellctridfmo artif. ct nat. 
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"Bbf, ift nty opinion, the moft remarkable analogy of all, 
and that which tends moft to elucidate the origin of thefe me¬ 
teors, is the dire&ion of their courfe, which feems, in the 
very large ones at leaft, to be conftantly from or toward the 
north of north-weft quarter of the heavens, and indeed to ap¬ 
proach very nearly to the prefect magnetical meridian. This 
is particularly obfervable in thofe meteors of late years whole 
tracks have been afcertained with moft exa&nefs; as that of 
November 26, 1758, defcribed by Sir John Pringle; that 
of July 17, 1771, treated of by M. Le Roy ; and this of 
the 18 th of laft Auguft. The largeft proportion of the other 
accounts of meteors confirm the fame obfcrvatlon, even thole 
of a more early period * ; nay, I think, forhe traces of it are 

. per- 

( 

p. '221. Tyhere is now working with Mr. Nairnk;, f\ t R. S. a peifon of the 
name of Arnold, who refided fevcn j'ears at Hudfon’s Bay, the laft three at 
lort Henley. lie confirms M. Omflim’s account of the firic'appearance and 
brilliant colours of the northern lights, and particularly of their rufhing noife, 
which he aftirms be has very frequently heaid, and compares it to the found pro¬ 
duced by whirling round a ftick l*u iftly at the end of a firing. He adds, that on 
cpnvcrfing about this matter with a Swedifti watch-maker of the name of Li.v r>i 
that perfon a fibred him, that he had heard a firhilar noife in his own country? 
jMr. N,ai£NE too, one time, at Northampton, when the northern lights were 
remarkably bright, is confident he perceived a hilling or whizzing found. 

This hilling or rufhing noife, as well as that attending meteors in their pafiage, 
fuppofing it in both cafes to be real, I would attribute to frrtali dreams of eledric 
matter, running off to the eatth from the great maffes or accumulations of dec* 
tricity, by which I fuppofe both meteors and the northern lights to be produced. 
r Compare M. de Mairan’s Traite de PAuroreBorcalc, p. 126. 

* See Phil, Tranf, and kcm. de 1 ’Acad. dts Sciences, &c. I have found, ol 
an earlier or later period, accounts of more than 40 different fire-balls.- Of 
thefe above 20 are fo defcribed, that it is certain their courfe was in the abovti- 
mentioned direction ; only 3 oV 4 feem to have moved the contrary way ; and with 
?n}gpdtQ the remainder, it i$ left doubtful, from the imperfect dace of the rela¬ 
tions. 
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percewaMe in the writings of the ancients *. \VheJtfiet their 
motion fhali be Jrm the northern quarter of the heaves qp 
toward it, feems nearly indifferent, as the numbers of tbofq 
going each way are not very unequal; I confider them, in thq 
former cafe, as mafles of the electric fluid repelled, or burning 
from the great colleded body of it in the north; and, in the 
latter cafe, as mafles attracted toward that accumulation; a 
diftin&ion, probably, much the fame in effect, as that of pofi- 
tive and negative electricity near the furface of the earth. 

This tendency toward the magnetic meridian, however, 
feems to hold good only with regard to the largeft fort of fire¬ 
balls ; the fmaller ones move more irregularly, perhaps becaufe 
they come further within the verge of our atmofphere, and 
are thereby more expofed to the aftion of extraneous caufes. 
That the fmaller fort of meteors, fuch as fhooting ftars, are 
really lower down in the atmofphere, is rendered very probable 
by their fwifter apparent motion; perhaps it is this very cir- 
cumftance which occafions them to be fmaller, the eleftric 

lions. When we confider that even the meteor of the 18th of Auguft laft was 
thoughtby fame fpe&ators to move fouth-weftward, it will rather appear furprifing 
that fo many of thefe accounts (hould correfpoud, than that a few of them fhould 
differ. 

* Abistotle {Meteor. lib. I. c. 6.) denies that comets, with which I take 
meteors to be confounded, are generated only in the north; which fhews it to 
have been then the prevalent opinion, that they appeared moil frequently in that 
quarter. AAA* cvh Ttffo in i» ru vp; Toiry y»tla* o Kopufas pwiov. 

So likewife Pliny (lib. II. c. 25.) Xiphias, Difceus, Pitheus doliorum cernuntur 
figura, in concavo fumidae lucis. Ceratias# Lampadias. Hippeus. Candidus 
Comctes. Omnes ferine fub ipfo fcpUntr\ont % aliqua ejus parte non certa, fed 
maxime in Candida, quae la&ei circuli nomen accepit. And Seneca (Quaeft. Nat. 
Mb. VII.) Placet ergo noftris, Cometas, ficut Tubas, Trabcfque, et alia oftenta 
cceii, denfo acre creart. Ideo circa feptentttontm frequent ijimi apparent 9 quia illic 
plurimum eft aeris pigri. 
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"fluid iking tabt* divided in more, refifting air. But as thofe 
jnattes of ele&ricity, which move where there is fcarcely auy 
'refinance, ib 'generally affeft the diredioa of the magnetic me¬ 
ridian, the ideas which hare been entertained of fome analogy 
between thefe two obfcure .powers of nature, -feem not alto¬ 
gether without foundation *. 

If the foregoing conjectures be juft, diftinCt regions art 
allotted to the electrical phenomena of our atmofphere. Here 
below we have thunder and lightning, from the unequal diftri- 
bution of the d&ftrtc fluid among the clouds; in the loftier re¬ 
gions, whither the clouds never reach, we have the various 
gradations of falling ftars; till beyond the limits of our cre- 
pufcular atmofphere the fluid is put into motion in fufficient 

* It appears to me more rational to refolve this analogy into a power of ele&ri- 
city to influence magnetifm, than into a fuppofed fimilarity of two fluids; as the 
former can be made evident by our artificial experiments, but there is no proof 
of the latter. When fire-balls, therefore, are faid to affe£t the magnetic meri¬ 
dian, I do not mean that they are drawn in that direction becaufe it is the line of 
magnetifm, but rather that the magnetic poles of the earth are thrown into their 
prefent pofition, by the accumulation and a£tion of that very ele&ricity upon 
which the fire-balls depend. Should a change be produced by any caufe in the 
place of this accumulation, or the Hate of its motion, it is not improbable, that 
the main polarity would be given to other portions of the earth, whence a varia¬ 
tion in the pointing of the compafs would neceffarily enfue. If Dr. Frakklin*® 
hypothefis be admitted, aferibing the ele&rical ftate of the polar atmofphere to 
the cruft of ice (a bad conductor) in thofe regions, it follows, that (houid ice 
form or be colle&ed in one part more than in another, the atmofphere there 
would become more highly electrical, and, in fo far as the magnetifm is given by 
electricity, the adjoining portion of the earth would acquire a ftronger polarity. 
Now it is certainly worthy of remark, that fince our firft northern navigations, 
the coaft of Weft Greenland and its furrounding feas have become gradually 
more and more inacceffible on account of ice, and that the magnetic needle all 
this time has been constantly changing its variation to the weft ward* 
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maffes ‘ to hold'a determined courfe, and exhibit the 
\ppdarances of what we call fire-balls ;• and probably at iftill 
'^tfeater elevation above the earth, the ele&ricity accumulates 
'll* a lighter lefs condenfed form, to prodace the wonder&lly 
’ diVerftfied ftreams and corufcatiolis of the aurora borealis . 

I have the honour to be, with the greateft refpeft, 

Sir, 

Your moft obedient humble fervant, 

C. BLAGDEN. 
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XIX. On the remarkable Appearances at the Volar Regions of the 
Planet Mars, the Inclination of its Axis, the Pofitioncf its 
Poles v and its fpheroidical Figure ; with a few Hints relating 
to its real Diameter and Atmofphere. By William Herfchcl, 
Efq. F. R . £ 

Read March n, 1784.. 

W HAT I have to offer on the fubjeA of the remarkable 
appearances at the polar regions of Mars, as well as 
what relates to the inclination of the axis, the portion of the 
poles, and the fpheroidical figure of that planet, is founded on 
a feries of obfervations which I fhall deliver in this paper; and 
Vol. LXXIV. I i after 
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after they have been given in the order they were made, it 

will be eafy to (hew, by a few deductions from them, that my 

theory of this planet is fupported by fa£ls which will fuffi- 

cientlv authorife the conclufions I have drawn from them. For 
* 

the fake of better order and pcrfpicuity, however, I (hall treat 
each fuhject apart, and begin with the remarkable appearances 
about the polar regions. The obiervations on them were made 
with a view to the fituation and inclination of the axis of 
Mars; for to determine thel'e we cannot conveniently ufe the 
fpots on its furface, in the manner which is pradtifed on the 
fun. The quantities to be meafured are fo fmall, and 
the obiervations of the center of Mars io precarious, and 
attended with fuch difficulties (fince an error of only a few 
feconds would be fatal) that wc muft have recourfe to other 
methods. 

W hen 1 found that the poles of Mars were diftinguiffied with 
remarkable luminous fpots*, it occurred to me, that we might 
obtain a good theory for fettling the inclination and nodes of 
that planet’s axis, by mcafures taken of the fituation of thofe 
fpots. But, not to proceed upon grounds that wanted confir¬ 
mation, it became neceflary to determine by obfervation, how 
far thefe polar fpots might be depended upon as permanent; 
and in what latitude of the globe of Mars they were fituated ; 
for, if they (houlcl either be changeable, or not be at the very 
poles, we might be led into great miftakes by overlooking thefe 
circumftances. The following obfervations will affift us in 
the iuveftigation of thefe preliminary points. 

* A bright fpot near the fbnthern pole, appearing like a polar zone, has alfo 
been obferved by M. MaR.ai«i>i. 9 ee Dr. Smith’s Optics, § 1094. 
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1777, April 17. 7 h. 50'. There are two remarkable bright 
fpots oil Mars. In fig. 1. tab. VI. they are marked 
a and b. The line AB expreffes the diredion of a 
parallel of declination. 10 feet refledor, 9 inches 
aperture, power 211 *. 

10 h. 20'. They are both quite gone out of the difk. 

1779, This year, in all my obfervations on Mars, there is no 

mention of any bright fpots, fo that I believe there 
were none remarkable enough to attrad my atten¬ 
tion. However, as my view was particularly direded 
to the phenomena of this planet’s diurnal rotation, 
it is poflible I might overlook them. 

1781, March 13. 17 h. 40'. 20 feet refledor. I faw a very 
lucid fpot on the fouthern limb of Mars of a confi- 
derable extent. See fig. 2. 

June 25. 11 h. 36'. 7 feet refledor, power 227. Two 
luminous fpots appeared at a and b , fig. 3.; a is 
larger than b. 

12 h. 15'. With 460. a is thicker than b, but b is 
rather longer. 

13 h. 12'. a is grown thicker, and b become thinner. 

June 27. 11 h. 20'. The two lucid fpots are on Mars. 

June 28. 11 h. 15'. They are both viiible; a, fig. 4. is 

much thicker than b. 

12I1. 55'. A line joining a and b does not go through 
the center. 

June 30. 1 oh. 48b The fpot a is vifible. fig. 5. 

11 h. 35'. Both fpots are to be feen. 

A Pfeil. Tran£ vol. LXXT. p, 127. and fig. 17. 
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1781, July 3. 10 h. 54'. a fecms to be larger than I havo 
feen it, fig. 6. 

11 h. 24'. b is not yet vifible, fig. 7. 

12 h. 36'. 1 perceive part of b, fig. 8. 

July 4. 1 ah. 9. a is very full ; b extremely thin, and 
barely vifible. 

12 h. 18'. a and b are not quite oppofite each other. 

I 2 h. 49'. b is increafed. 

July 15. 9 h. 54'. a is vifible, fig. 9. 

II h. 35'. b inviftble. 

1 2 h. 1 2'. b not to be feen. 

July 16. 11 h. 9'. The bright fpot a is very large. 

July 17. 11 h. 15'. No other bright fpot but a. 

July 19. 13 h. 31'. a vifible. 

July 20. 10 h. 3'. I fuppole the bright fpot a on Mars 
is, very nearly, the louth pole; which therefore 
mud lie in fight. There is no fecond bright fpot b 
vifible to night. 

10 h. 56' b not vifible ; the night very fine. 

July 22. 11 h. 14'. At a and b, fig. 10. are bright 
fpots; a is larger than b. Moft probably the fouth 
pole is in view, and the north pole juft hid from our 
fight. If the fpots are polar, or nearly fo, then a 
muft, on a fuppofition of the fouth pole’s being in 
view, appear larger than b ■, and if b extend a little 
more from the north pole one way than another, it 
muft be fubjedt to fome change in its appearance from 
the revolution of Mars on its axis. 

July 30. 9 h. 43b Both fpots vifible. 

Auguft 8. 10 h. 4'. Only a vifible, fig. 11. 

Auguft 17. 9 la. ai'. Only a in fight. 

1781, 
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1.781, Auguft 23. 8h. 44'. a as ufual, and part of b vifible, 
,fig. 12. 

Sept. 7. The white fpot a is very large. 

1783, May 20. Mars has a lingular appearance. At a, fig. 13. 

is the polar fpot, which is bright, and feems to pro¬ 
ject above the difk by its fplendour, caufmg a break 
at c. 

July 4 - a is very bright. 

July 23. 14 h. 45'. a is very lucid. 

Auguft 16. I faw the bright fpot with the 20 feet 
refle£tor as ulual. 

Aug. 26. The lucid fpot on Mars is its foutb pole, for 
it remains in the fame place, while the dark equato¬ 
rial fpots perform their conftant gyrations: it is 
nearly circular. 

Aug. 29. The louth polar fpot is in the fame fituation. 

Sept. 9. As ufual. 

Sept. iz. The louth polar fpot is of a circular fhape, 
and very brilliant and white. I had a beautiful and 
diftindl view of it when it was about the meridian, 
and meafured its little diameter in the equatorial di¬ 
rection of Mars. With a power of 932 it gave 
1" 41'", and I faw it very diftimftly. The outward 
edge of the fpot came juft up to the upper limb; a 
favourable hazineis, taking off every troublefome 
ray, gave me obje£b in general exceedingly well de¬ 
fined, elpecially Mars. 

Sept 23. 9 h. 53 . The polar fpot a, fig. 14* as ufual. 
Sept. 24. The fame. 
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1783, Sept. 25. t2 h. 30'. The bright fouth polar fpot a, fig. 

15. fee ms to be fixed in its place, and goes nearly up 
to the margin of the difk ; it is perfectly round. 

12 h. 55'. The track of the equatorial fpots is incur- 
vatcd, being convex towards the north, fee e, q, fig. 
23.: this confirms the white fpot’s being at the fouth 
pole. With long attention I can perceive the edge 
of the diik of Mats beyond the fpot, extending about 
■i diameter of the fpot. 

Sept. 26. 12 h. 10'. The fpot a is in a line with the 
center and the end of the hook, fig. 16. 

Sept. 27, 28, 29. The fpot as ulual. 

Sept. 30. 10 h. 30'. The polar fpot as in fig. 17. 

Odd. 1. 9 h. 55'. I am inclined to think, that the white 
fpot has fotne little revolution, and- therefore is not 
with its center exadtly at the pole of Mars; it is 
rather probable, that the real pole, though within 
the fpot, may lie near the circumference of it, or 
one-third of its diameter from one of the fides. A 
few days more will fihew it, as I fhall now fix my 
particular attention upon it. 

10 h. 17'. The bright fpot is certainly not fo far upon 
the difk as it ufed to be formerly, and is either 
reduced or has a fmall motion; which of the two 
is the cafe will be feen in a few hours. 

13 h. 3'. The bright fpot has a little motion ; for it is 
now come farther into the difk. 

I concluded now, in general, that none of the bright fpots 
on Mars were exaftly at the poles, though they could certainly 
not be far from them : for what has been juft related of the 
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tft, 2d, and 3d of October 1783, fhews plainly, that the 
appearance of the fouthern fpot a was a little affefted by the 
diurnal motion of the planet; and the obfervations of the 3d 
and 4th of July 1 y81, ihew alfo that the fpot b could not be 
exactly at the north pole; and that, perhaps, the vif.ble 
branch of the latter extended pretty far towards the equator. 
However, the fouth polar fpot of the year 1783, being very 
fmall and nearly round, afforded a good opportunity for deter¬ 
mining its polar diffance, by noting the different angles of 
pofition it aflumed while Mars revolved on its axis; to this end 
many obfervations were taken at different hours of the fame 
night, which will be found among the meafures of the angles 
of pofition in the next divition of my fubjeft. And fince the 
different degrees of brilliancy, as well as the proportional ap¬ 
parent magnitude of the fpot, would alfo contribute to the in- 
veftigation of this point, I continued my remarks on thofe par¬ 
ticulars, as follows. 

1783, Oct. 2. 7 h. 59'. The bright fpot near the fouth pole is 
about half vifible. 

Oct 4. 8 h. o'. The polar fpot feems to project above 
the dilk as formerly, and is very fmall. 

Oft. 5. 11 h. 1 1'. The fpot is very fmall, and feems 
actually to be in the circumference. 

11 h. 30'. The fpot is fmall, and feems to be with its 
farthefl fide in the circumference of the difk ; or it 
may, perhaps, he partly beyond it, and therefore 
not all in fight. 

11 h. 50'. 1 lee the fpot much clearer than I did before. 

13 b. 15'. The white fpot is more in fight, and of its 
ufual fize, but does not feem much to change its po- 
- fition; 
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fition t however, what change there is (hews that k 
has been beyond the pole, as it appears to have beea 
direct while the equatorial fpots were retrograde, 
j, Oct. 9. x 1 h. 48 . The white polar fpot inereafes in 
frze. At toh. 35'. it was as in fig. x8. but is now 
larger, and coming round towards that part of its 
orbit which is neareft to us. See fig. 24. 

Oft. 10. 6 h. 20'. I lee no white polar fpot; but the 
planet is too low for any obfervation to be depended 
on. 

6 h. 55'. The white fpot begins to be vifible; at leaft I fee 
it now, the planet being higher than before, fig. 19. 

9 h. 55'. With 460, the white fpot is confiderably in- 
crealed, and Ihews a circular form, fig. 20. 

Oft. 11. 7 h. 46b The bright fpot is very vifible; the 
evening fine; with 278. 

Oft. 16. 7 h. 7'. The fpot is very luminous. 

9 h. 55 / . It feems rather lengthened; perhaps it may 
be arrived at the extreme of its parallel of decli¬ 
nation. 

Oft. 17. 7h. 47'. The white fpot a, fig. 21. is very 
bright. 

13 h. 7'. It is lefs in appearance than it was in the be¬ 
ginning of the evening. 

Oft. 23. 6 h. 46'. The bright fpot is very large and 
luminous; I fuppofe it to be in the nearer parts of 
its little orbit. 

7 h. 11'. It is fituated as in fig. 22. 

Oft. 24. 7 h. 1The white fpot is very large. 

Oft. 27. 8 h. 45'. It is very large and round. 

Nov* x. 7 h. 47'. The fpot is round and bright. 

* 7 8 3 > 
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fj 83, NoV. II. The deficiency of light which occafions Mars 
to appear gibbous, reaches over the louth polar fpot 
towards the preceding limb, and'hides it. 

"Nov. 14. Mars is gibbous, and the polar lpot is thereby 
rendered invilible. > 

Nov. i 7. 6 h. o'. The fouth polar fpot is under the fal¬ 
cated defeft of light. 

6 h 30'. I do not know whether there be not a faint 
glimpfe of the polar fpot left; the weather is too 
bad to determine it. • 

I have added fig. 25. (tab. X.) to ftiew the connexion of the 
15th, 17th, 18th, 19th, 20th, 21 ft, and 22d figures, which 
complete the whole equatorial circle of appearances on Mars, 
as they were obferved in immediate fucceftion. Thecenterof 
the circle marked 17 is placed on the • circumference of the 
inner circle, by making its diftance from the center of the 
circle, marked 15, anfwer to the interval of time between the 
two obfervations, properly calculated and reduced to fidercal 
meafure. The fame has been done with regard to the circles 
marked 18, 19, &c. And it will be found, by placing any 
one of thele connected circles, fo as to have its contents in a 
limilar fituation with the figures in the lingle reprefentutiou 
which bears the fame number, that there is a fufficient refem- 
blance between them; but forne allowance mud undoubtedly 
be made for the unavoidable diftortions occafioned by this kind 
of proje&ion. 

In order to bring thefc obfervations on the bright fpots into 
one view, 1 have placed them at the circumference ot three 
circles (fee fig. 26, 27, 28. tab. VII. VIII. IX.) divided into de¬ 
grees, reprefen ting the parallels of declination in which they 
Vol. LXXIV. K k revolved 
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revolved about the poles Of Mars. The divition of the circles- 
marked- 360 is where a fpot paflLs that meridian of the planet 
which is turned towards the earth, and where, confequently, it 
appears to ns in its greateft luftre. The motlcti of die fpot is ac¬ 
cording to the numbers 30, 60, 90, and fo on to 360. In calcu¬ 
lating the daily places of thefpots 1 have ufed the fidereal period 
of 24 h. 39' 21' 7 ,6 7 determined in my paper on the rotation of 
Mars*; and have alfo made proper allowances fbr the alterations 
of the geocentric longitudes calculated from the fituations of that 
planet given in the Nautical Almanack; by which, mean*' the 
fidereal is reduced to a proper fynodical period. 

The following three tables contain the refult of the calcula¬ 
tions, and ferve to explain the arrangement of the obfervations 
ha. the circles. In the firft column are the times when the ob- 
fervations were made. In the fecond, the fidereal places of 
the Ipot in degrees and minutes. In the third column are the 
geocentric longitudes of Mars at the time of the obfervations^ 
in the fourth, the neceflary corre&ions on account of thefe 
different longitudes. In the fifth column are the correfted or 
fynodical places of thefpots; and, according to the numbers 
ito that column, they are marked on the circles, where con- 
fctjuently each fpot is reprefented as it muil have appeared to be 
foliated at the time of obfervation. 

* Phil. Tranf. vol. LXXI. p 134. 1 
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: Ftonflbthe appeatahcie and difappearance of the bright north 
polar^fpot in the year 1781,'we ; collect that the circle of its 
motion, reprefented hyr fig. 2.6. was: 1 at fome conliderable diftanoe 
from >the polo. 'By -a calculation, made according to the prin¬ 
ciples hereafter explained, its latitude muil have been about 76’ 
or 77® north ^ fosFfind that, to the inhabitants of Mars, the 
debftnatioft of‘the-'fun, Juuei 25. .12 h. 15' of our time, was 
about 9 0 56' fouth* ; and the fpot muft have been atleaft fo 
* * See p, 259k and 260. 
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far removed from the north pole as to fall a,few degrees within 

the enlightened part of the dilk, to become vifible to us. 

The fouth pole of Mars could not be many degrees from the 
Center of the large bright fouthem fpot of the year 1761, 
whofe courle is traced in fig. 27; though the fpot was of fucha 
magnitude as to cover all the polar regiohs farther than the 
70th or 65th degree, and in that part which was on the meri¬ 
dian July 3, at 10 h. 54', perhaps a little farther. 

In the next divifion of our lubjed will he fliewn, that the 
inclination and pofition of the axis of Mars are fudi, that the 
whole circle, fig. 28. (which will appear to be in about 8i° 52' 
of fouth latitude on the globe of Mars) was in view all the 
time the obfervations on the bright fouth polar fpot of the year 
1783, which are marked upon it, were made, but in fo oblique 
a fituation as to be projeded into a very narrow ellipfis. See 
fig. 24. where mn is the little ellipfis in which the fpot * 
revolved about the pole. Hence then we may eafily account 
for the obferved magnitude and brightnefs of the fpot Od. 23, 
24, and 27. when it was expofed to us in its meridian fplen- 
dour. Its fituations Oil. 16. and 17. on one extreme of the 
parallel, as well as thofe of Oft. 5. and Nov. 1. on the other, 
gave us alfo a bright view of it: and. when we pafs over to 
that half of the circle which lies beyojid the pole, the much 
greater obliquity into which the fpot mull there be projeded 
will perfedly account for its being fmaller at 13 h. y' of Od. 
17. than at 7 h. 47' of the fame evening. It will alio .explain 
its fmalinefs Od. 4. and its increale Od. 9. We flWll.haw 
occafion hereafter to recur to the fame figuce, fo that I take no 
notice at prefent of the angles of pofition which sue marked 
upon it. 
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Qf the direbtion or nodes of the,axis of Mars,, its inclination to 
the ecliptic , and the angle of that planet's equator with its own 
orbit. 

From the foregoing article we may gather; that the bright 
polar fpots on-Mars are the moft convenient objefts for deter¬ 
mining the fituation of the axis of this planet; I fltall there¬ 
fore colled, in one view, all the meafures I have taken of thefe 
fpots for that purpofe. Before I conftruded a micrometer for 
faking the angle of pofition, I ufed to draw a,line through the 
figure delineated of Mars to reprefent the parallel of declina¬ 
tion ; in a few of my fir ft pbl'ervatlons, therefore, I can only 
take the fituation of the polar fpots from fuch drawings, and 
of confequence no great accuracy in the angles, as to the exact 
number of degrees, can be expected. 

1777, April 17. 7’n. 50'. A line drawn through the middle of 
the two bright polar fpots a and b, fig. 1. makes an 
angle of about 63°, with a parallel of declination 
AB ; the fouthern fpot preceding and the northern, 
following.. 

My reafon for chufing a line drawn through both the fpot3 
rather than through one of them and the center is, firft, that 
they were not fituated quite oppofite each other, and therefore, 
unlefs other obferyatio.ns had pointed out which "was moft 
polar, I fbould evidently run the greater rifk in fixing on 
oue of them ip preference to-the other. In the next place, we 
find by the fecon,d obferyation, p^igp 235* that in two hours and 
% half both fpots were inti rely gone out of the dilk. This 
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plainly dinotes, that they were both ia the fame half of 
a. fphere orthographieally proje&ed, and- divided by- a plane 
gaffing through the axis of. Mars and, the eye, but that neither 
of them were polar. Now, a line drawn through two points 
not far from oppofite each other, both in the fame hemifphere, 
and both removed from the poles of it, muft-approach more to 
a parallelifm with the axis, than a. line drawn, through cither 
of them .and the center. 

May 9. There being no bright fpots by which to judge 
of the pofition of the poles, it is eftimated from a 
well known dark equatorial fpot, with a line drawn 
through, the figure to denote a parallel of declina¬ 
tion. By very rough eftimation it is about 4a 0 
fouth preceding. 

May 11. The fame figure, being drawn again in ano¬ 
ther fituation, and alfo with a line giving a parallel 
of declination, points out, by the fame rough efti¬ 
mation, 62° fouth preceding. 

1*781, June 25. 11 h. 35'. The pofition of the fpots a and b y 
fig, 3. with regard to a parallel of declination, mea- 
fured with a micrometer 7 4 0 32'. Tho- fpot a was 
fouth preceding, and b north following. 

July 15; 10 h. 12'. The angle of pofition, of the cen¬ 
ter of the fpot a, fig. 9. through the center of the 
difk, 74 0 18' fouth preceding. 

1783, Auguft 16. Pofition of the fpot a, 64° fouth following 
the center; but as the planet is not full, the center 
becomes dubious, and the meafure therefore may not 
be quite accurate, though taken with a to feet 
refledor; power 200» 
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’ 783, 'Sept. 9. IPofition of the fuppofcd fouth pole of Mjars 
65° 12' fouth following ; 7 feet reflector; power 460. 

Sept. 22. Pofition of the fame 5 2° 9' f. following; 46©. 

Sept. 25. 13 h. 30'. Pofition of the fouth polar fpot 
56° 27'. very accurately taken, by bifefting the 
dilk of Mars through the bright fpot, and fuppofing 
the planet now near enough the oppofition to induce 
no material error. Hitherto I have taken it through 
a fuppofed center by endeavouring to allow a little 
for what I thought the deficiency in the dilk; but 
not to-night. 

Od. 4. 8 h. 46'. Pofition of the fpot 51 0 21'; Mars 
too low and hazy to depend much on the meafure 
with fo high a power as 460. 

Oft 5. The motion of the polar fpot being now ftrongly 
fulpefted, or rather already known, I took the fol¬ 
lowing meafures, by way of dilcovering its quantity. 

11 h. 50'. Pofition very exaftly taken 50° 6 f. fol¬ 
lowing. 

14 h. o'. Pofition of the fpot 49^ 45'. 

Oft. 7, 8 h. 20'. Pofition 55° 12'. In order to fee how 
far this meafure might be trufled to, I fet 49 0 36' in 
the micrometer, which was evidently too imall; 
next I took 51 0 36', which was alfo too Imall ; after 
this, I took a new meafure, and found 55’ 24% 
which appeared to me very exaft. 10 h. 5. The 
pofition now was 53 0 . 11 h. 50'. It mealured 52 0 12'. 
As there is nothing to diftinguilh the center, it is ex¬ 
tremely difficult to pleafe one’s felf in bringing the 
fpot into a line with it. 

Vol.LXXIV. LI 1 
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1-783, 0 £fc. 10. 7 h. 50'. Pofition of the polar fpot 57* iz; 

■with 460, very accurate. I tried a few parts lefs of 
the micrometer, but found the meafure too little. I. 
fee pretty diftinftly, but the air is tremulous. 

9 h. 55'. Pofition 52° 42'; very diftinft. 

12 h. 1,1Pofition 46° 30'; I fee not quite. £> well'now 
, as I could wilh. 

14 h. 1'. Pofition 44 0 1 2 'but liable to-great uncer¬ 
tainty, on account of tremulous air; it becomes 
more difficult to.diftinguiffi the center when the pla¬ 
net is not perfectly defined. 

Oft. 16. 7 h. y'. Pofition 63° 9'. By way of trial I fet 
59 0 36', which was too fmallallb 6o° 24' was too 
fmall; again, 6i° 24'was not large enough. Then, 
taking a freffi meafure, I found it 62° 48', which I 
thought right. 

9I1. 55''. I took three meafures, and thought the third,, 
which was 65° o', the befi: of all, fori faw die planet 
and the fpot remarkably well. 

Oft. 27. 8 h. 4,5'. Pofition of the polar fpot 59 0 30'. 
I took three other meafures, of W'hich 6o° 39' ap¬ 
peared to me the befi;; it was taken with long atten¬ 
dance and many changes and trials of the wires in 
different politions; but the gibbofity of Marsisfuch, 
that meafures of the fituation of the fpot are now no 
longer to be depended on. 

Thefe pofitions, I believe, will be fufficient for the purpofe 
of fettling the latitude of the polar fpots, and. thereby obtain¬ 
ing a correft meafure of the fituation of the real pole. I have 
referred thofe of the fouth polar fpot of the year 1783 to the 
fan)® circle which contains the obfervations that were mad£ on 
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the apparent brightnefs and magnitude of that fpot, that they 
may be compared together. (See fig. 28.) The agreement of 
the meafures, and the phenomena attending the motion of the 
fpot, are fufficient to point out the meridian of the circle ; for 
which, from a due confideration of thefe circumftances, I have 
fixed on the place where the fpot was Oct. xo. 6 h. 4 6'. 

Of the angles collected in fig. 28. we find 65° o' the largeft, 
and 49 0 45' the fmalleft; but, on account of the different 
fituation of the earth and Mars, the angle meafured 7' lefs 
Oft. 16. than it would have done had the planets remained in 
the places they were in Oft. 5. when the other meafure was 
taken. This being added, wc have 65° 7'. The difference be¬ 
tween the two pofitions is 15 0 22'. Now, the conftruftion of 
fig. 28. being admitted, we fee that the angles were nearly 
taken at the oppofite extremes of the circle in which the fpot 
moved. However, by the 5th column of Tab. III. Oft. 5. we 
have the fituation of the fpot in the circle with refpeft to the 
meridian 281° 44', and Oft. 16. 1I4 0 6': therefore the fouth 
polar diftance of the center of the fpot is found, by taking half 
the fum of the fines of thefe angles to radius, as y° 41' (half 
of 15 0 22') to a fourth number, which is 8 3 8'; and the lati¬ 
tude of the circle, in which the fpot moved about the pole, 
therefore is 8x° 52' fouth. This being determined, we have- 
the following correftion for the angles of pofition: radius is 
to fine of the angular diftance of the fpot from the meridian 
as 8° 8' to the required quantity. This muft be added or fub- 
trafted, according as the cafe requires; and thereby we (hall 
have the pofition of the true pole from any one of the 
meafures. - 

I fhall now apply the above to determine the fituation of the 
akis of Mars. To this end, we fee that, in the firft place, the 

L 1 x meafures 
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meafures ; muft be corre&ed for tbe latitude-of the (pot; next, 
they mull be reduced to a heliocentric obfervation, which will t 
alfo correct them from ‘the difference occasioned by the different 
frtuation of the planets when they were taken.' This being'; 
done, we may feledt two obfervations at a propet diftance; from 
which, by trigonometry, we (hall have the node and inclina-: 
tion of the axis. When thefc elements are obtained, it will 
be eafy to fee how other obfervations agree with them ; which' 
will afford the means of correcting or verifying the former 
calculations. 

Let T, fig. 29. (tab. X) be the earth ; S Q J Y? the ecliptic as 
feen from T; P the point of the heavens towards which-the 
north pole of the earth is dirccled ; M the place of the orbit of 
Mars m m M, where an obfervation of the poles of that planet has 
been made, which is to be reduced to its heliocentric meafurtv 
And, firft, fuppofe it to have been made at the time of tho 
opppfition of that, planet. Then, the place M or Q^ift tho 
ecliptic being given, we have the fidesQ^Sh SP; whence 
the angle Q, of the right-angled triangle P 5 Q, is found. 
This being added to, or taken from, the obforved angle of po¬ 
ll tiort of the axis of Mars, according to cirbumftances eafily 
to be determined,, reduces it to its heliocentric pofition. But 
if this obfervation was not made at the time of an opposition, 
but at fome other place m, a fecond correction is to ,be applied 
in the following manner. 

Let the angle q, of the triangle P $ q, be -found as before* 
and properly applied to the pofition of the axis of Mar$ now 
at m ; then make the angle m S p, at the fun. S, ; equal to the 
angle S m T, and p will be the heliocentric place, where the* 
angle of pofition, when feen from S, will appear to be.as it 
was iound at w > after the application of. the, firft correction 
4 for 
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for S ft. being parallel to T m, and fuppofing the axis of Mars 
tp preferve its parallelifm while it moves from m to appear¬ 
ances of Mars at p to an eye at S, muft be the fame as they 
ate at m to atl eye at T. 

The following table contains the refult of calculations re¬ 
lating to the angles of fig. 28. In the firft column are the 
times when the obfervations were made. In the fecond, the 
singles as they were taken., In the third column are the quan¬ 
tities of the angles Q, q, calculated from the' geocentric lon¬ 
gitudes contained’ in the third column of the third table. In 
the fourth column are the corrections for the fituation of the 
fpot in the" circle of latitude obtained from the fines of the 
angles in the fifth column of the third table. In the fifth 
are the corrections requilite on account of the change of fitua¬ 
tion of the planets, during the interval between the feveral 
days on which the meafu-res’ were taken ; thefe are obtained 
from the third column of this table, and I have, afliimed the 
4th of October, as being the obfervation neareft the oppofi- 
tion, to which I have,reduced the other meafures. In the fixth 
column are the angles of the fecond, corrected by the quan¬ 
tities contained in the fourth and fifth columns, applied accord¬ 
ing to their ligtis. 


T A B L E 
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TABLE IV. 


3.54 


Time of obfervation. 

Angies 

taken. 

Angle Qi 

Firft 

correction. 

Second 

correct. 

Angles 

corre&ed. 

D. 

H. 

M, 

D. 

M. 

D. 

M. 

D. 

M. 

M. 

D. M. 

sept.25 

13 

30 

5 6 

27 

+ 23 

10 

-1 

52 

-8 

iff 

oa. 4 

8 

46 

5 i 

21 

+ 23 

18 

+ 4 

42 

-O 

iS1 

5 

11 

5 ° 

5 ° 

6 

+ 23 

*9 

+ 7 

39 

+ 1 

BKU 

5 

H 

O 

49 

45 

+ 23 

J 9 

+ 7 

59 

+ 1 

57 45 : 

7 

8 

20 

{55 

ID 

4-23 

21 

— 0 

7 

+ 2 

f 55 7 



24 j 



26 

155 19 

7 

10 

s 

53 

0 

+ 23 

21 

+3 

+ 3 

56 29 

7 

11 

5 ° 

52 


+ 23 

21 

4-6 

16 

+ 3 

58 31 

10 

7 

50 . 

57 


+ 23 

22 

-4 

57 

+ 4 

5 » 19 

10 

9 

55 

52 


+ 23 

22 j 

-1 

7 

+ 4 

S' 39 

16 

7 

7 ‘ 

( 63 

1 6a 


+ 23 

j 

25 1 

-7 

47 

4-7 

/ 55 29 

155 8 

16 

9 _ 

55 

65 


+ 23 

25 1 

-7 

23 

+ 7 

57 45 1 


. As we have no particular reafon to feleft one meafure rather 
than another, a mean of all the 13 will probably be neareft 
the truth; fo that by thefe obfervations, which, as we faid 
before, are reduced to the 4th of October, 1783, we find the 
pofition of the axis of Mars that day to have been 55 0 41' fouth 
following. 

From the appearances of the fouth polar fpot in 1781, fe- 
prefented fig. 27. we may conclude, that its center was nearly 
polar. We find it continued vifible all the time Mars revolved 
on its axis; and, to prefcnt us generally with a pretty equal 
fhare of the luminous appearance, a fpot which covered from 
45® to 6o° of a great circle on the globe of Mars could not have 
any confiderabk polar diflan ce : however, a fmall correction in 
the angle of pofition feems to be neceffary, which fhould be 
taken from the meafure of the 15th of July, becaufe that 
branch of the fpot which probably extended farthcft towards 

the 







on the Planet Mars. *_ 25,5 

the equator, was then in the following quadrant. The mea¬ 
fure of both the fpots on June the 25th, 1781, is ftill more 
to be depended on, as giving us very nearly the portion of the 
true pole ; for it appears evident from the phenomena of the 
bright north-polar fpot in fig. 26. that that fpot was in the 
meridian when the meafure was taken, while the fouthern fpot 
was in the preceding quadrant near its greateft limit. Now, 
fmee an angle at the circumference of a circle is but half the 
angle at the center, when the arches which fubtend thefe 
angles are equal, the correction neceiiary to be applied to the 
meafure taken through the two fpots will be but one half of 
the corredtion which would have been requifite had it been 
taken through the center; therefore, in order to reduce this 
to the condition of the former, we may fuppofe it to have been 
taken through the center of Mars when the fpot was only 30, or 
150degrees from the meridian. It is alfo necefl'ary to add r°54 / to 
the angle of July 15, which it would have moafured more had 
the planets remained where they, were June 25. This done, 
w'e may have the polar diftance of the center of the fpot as 
before. Half the fum of the fines (of 231 0 38' and 150T to 
radius, as 50' (half the difference between 74 0 32'and 76' 12') 
to a fourth number, which is 1 0 18'. 

I fhould obferve here, that the meafures of the angle of pofi- 
fcion would be too large before the fpot came to the meridian, 
and too fmall afterwards, the axis of Mars being fouth pre¬ 
ceding ; whereas, in fig. 28. they would be too linall before, 
and too large after, the meridian paflage, the pole being fouth 
following. 

Thefe two obfervations arranged as thofe in the fourth table, 
and reduced to the time of the 25th of June, will, hand as 
follows. 


TABLE 
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TABLE V. 


Tkne of ©biervation. 

Angles 

taken. 

Angle Q, 

Firft L 
corre&ion. 

Second 

eorre&. 

Corrected 
Aaglc. _ 

D. H. M. 

I). M. 

D. M. 


d.m 

D. M. 

June 25 11 36 

74 3* 

-10 14 

J half of 

+ 1 i°i8 / 

-0 0 

75 ” 

July 15 10 12 | 

74 i3 

- 8 ao 

— 1 1 

+1 5+ 

75 11 


I am to remark, that we have here admitted both meafures 
as equally good; and that, therefore, the refult is a mean of 
them both, and fhcws the axis of Mars, June 25, 1781, to 
have been 75° n'fouth preceding. 

Our next bufmefs will be to reduce thefe two geocentric ob- 
iervations to a heliocentric meafure. This is to be done, as we 
have (hewn before, by a calculation of the angle Q, fig. 29. 
The refult of it fhews, that io° 14' are to be fubtra&ed from 
the mean corrected angleof poiition, reduced to June 25, 1781, 
and 23 0 i8 ; to be added to the angle which is the corrected 
mean of 13 meafures, reduced to 0<ft. 4, 1783. Hence we 
learn, that on thofe days and hours, when the heliocentric 
places of Mars were 9 s. 24 0 35', and o s. 7 0 15' (which would 
happen about July 18, 1781, and Sept. 29, 1783) an ob- 
ferver placed in the fun would have feen, on the former, 
the axis of Mars inclined to the ecliptic 64° 57', the north 
pole being towards the left; and on the latter, he would 
have feen the fame axis inclined to the ecliptic 78° 59', the 
north pole being then towards the right. 

The firft conclufion we may draw from thefe principles is, 
tli at the north pole of Mars muft be directed towards fome 
point of the heavens between 9 s. 24 0 35' and 0 s. 7 0 15'; be- 
caufe the change of the fituation of the pole from left to right, 

which 
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which happened in the time the planet pnffed from one place 
to the other, is a plain indication of its having gone through 
the node of the axis. Next, we may alfo conclude, that the 
node muft be confiderably nearer the latter point of the ecliptic 
than the former; for, whatever be the inclination of the axis, 
ifc will be feen under equal angles at equal diftances from the 
node. 


But, by a trigonometrical procefs of fclvtnga few triangles, 
wefoon difcover both the inclination of the axis, and the place 
where it intcrfe&s the ecliptic at rc&angles (which, for want 
of a better term, l have perhaps improperly called its node). 
Accordingly I find, by calculation, that the node is in 1 y° 47' 
of Pifces, the north pole of Mars being directed towards that 
part of the heavens; and that die inclination of the axis to 
the ecliptic is 59 0 4a'. 

We fhall now compare the obfiervirions of an earlier date 
with thefe principles, to fee how far they agree. Some of the 
particulars and calculations relating to them are as follow. 


T A B L E VI. 


Times of Obfervation. | Eitirnarions. I Geoc. Umgtt, Angle 1 2d corretf. 


D. 

H, 

M. 

1779, May 9 

12 

0 

May 11 

12 

0 

1777 .AF- 1 7 

7 

50' 



_ __ . ^ 63 J>_ $ 34. jjf 23 26 j __ 1 

May the 9th, 1779, as we have (eeu, the angle of pofition 
was roughly eftimated at 42 0 , and May 11. at 62°. The great 
difagreement of thefe coarfe eftimations is undoubtedly owing 
to the very different fituation of the dark fpot from which they 
Vox.. LXX 1 V. M m were 
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were taken; however, fmce we do not mean to ufe tbefe ob» 
lervations in our calculations, they may fuffice in a general 
way to (hew, that the axis of Mara was a&ually about that 
time in fuch a fituatiou as our principles give it: for, reducing, 
thft two pofitions to the 9th of May, that of the nth, from 
an allowance of 26' for the fituation of the, planets, will be¬ 
come 62° 26'; and a mean of the two, 50° 13' fouth pre¬ 
ceding ; which, reduced to a heliocentric obfervation, gi/ves 
66° 30', the north pole lying towards the left. Now, on cal¬ 
culating from the pofition of the node and inclination of the 
axis before determined, we find, that the heliocentric angle 
was 6z° 49', the north pole pointing towards the left; and a 
nearer agreement with thefe principles could hardly be expected 
from eftimations fo coarfe. If we go to the year 1777, and 
take the pofition of the two bright fpots obferved the 17th of 
April, we have 63° fouth preceding; this, reduced to a helio¬ 
centric quantity, gives 86° 26' of inclination, the north pole 
being to the left. By calculating we find, that that pole was 
then actually 8i° 27' inclined to the ecliptic, and pointed 
towards the left as feen from the fun* 

The inclination and fituation of the node of the axis of Mars 
with re(pe& to the ecliptic being found may thus be reduced 
to that planet’s own orbit* Let EC, fig. 30. (tab. X.) be a part 
of the ecliptic ; OM part of the orbit of Mars; PEO a line 
drawn from P, the celeftial pole of Mars, through E, that 
point which has been determined to be the place of the node of 
the axis of Mars in the ecliptic, and continued to O'where itin- 
terfefts the orbit of Mars. Now, if according to Mr. de la 
Lande we put the node of the orbit of Mars for 1783, in 
is. 17° 58', we have from the place of the node of the axis 
(that is, iis. 17 0 47') to the place of the node of the orbit, 

3 a «- 
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an arch EN of 6o° 11'Vin the triangle NEO, right-angled 
at E, there is alfo given the angle ENO, according to the fame 
author, i° 51', which is the inclination of the orbit of Mar* 
to the ecliptic. Hence we find the angle EON 89* 5', and 
fide ON 6o° I z'. Again, when Mars is in the node of its 
orbit N, we have, by calculation from our principles, the angle 
PNE = 63° 7', to which, adding the angle ENO= i° 51', we 
have PNO = 64® 58'; from which two angles PON and PNO 
with the difiance ON, we obtain the inclination of the axis of 
Mars, and place of its node with refpeft' to that planet’s own 
orbit; the inclination being 6i° 18', and the place of the node 
of the axis 58° 31' preceding the interfeftion of the ecliptic 
with the orbit of Mars, or in our 19° 28' of Pifces. 

Being thus acquainted with what the inhabitants of Mars 
will call the obliquity of their ecliptic, and the fituation of 
their equinoctial and folftitial points, we are furnifhed with the 
•means of calculating the feafons on Mars; and may account, 
in a manner which I think highly probable, for the remarkable 
appearances about its polar regions. 

But firft it may not be improper to give an inftance how to 
refolve any query concerning the martial feafons. Thus, let it 
be required to compute the declination of the Sun on Mars, 
June 25, 1781, at midnight of our time. If <r » n &c. fig. 31. 
(tab. X.) reprefent the ecliptic of Mars, and r s v? the eclip¬ 
tic of our planet, A a, £B, the mutual interfeClion of the mar¬ 
tial and terreftrial ecliptics, then there is given the heliocentric 
longitude of Mars, = 9 s. 10® 30'; then taking away fix 
figns, and * b , or *ra— is. 17° 58', there remains bm <@» 

1 s. 22 0 32From this arch, with the given inclination, I* ji'» 
of the orbits to each other, we have cofine of inclination t® 
radius, as tangent of bm to tangent of BM= 1 s. 22® 33'. And 

Mm2 taking 
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taking .way Bt = i s. i 4 29', which is the complement to y? B 
(or © A, already fhewn to be 1 s. 28° 3*') there will remain 
<rM*as. 2i° 4/, the place of Mars in its own orbit*; that is, 
on the. time abovementioned, the fun’s longitude on Mars will 
he 6 s. 21° 4', and the obliquity of the martial ecliptic 2$° 42' 
being alfo given, we find, by the ufual method, the flin’s 
declination <f 56 ' fouth. 

The analogy between Mars and the earth is, perhaps, by far 
the greateft in the whole folar fyfterm Their diurnal motion is 
pearly the fame; the obliquity of their rcfpcdtrve ecliptics, on 
which the feafons depend, not very different; of all the fupe* 
rior planets the diftance of Mars from the fun is by far the 
near eft alike to that of the earth: nor will the length of the 
martial year appear very different from that which we enrjoy, 
when compared to the furprifing duration of the years of Ju¬ 
piter, Saturn, and the Georgium Sidus. If, then, we find 
that the globe we inhabit has its polar regions frozen and co* 
vered with mountains of ice and fnow, that only partly melt 
when, alternately expofed to the fun, I may well be permitted 
to furmife that the fame caufes may probably have the fame 
effedt on the globe of Mars; that the bright polar fpots are 
owing; to the vivid reflection of. light from frozen regions } 
and that the redudtion of thpfe fpots is to'be aferibed-to their 
being expafed to the fun. In the year 1781, the fouth polar 
fpot was-cxirem elylarge, which yve might well expedt, fince 
that pole had but lately been involved in A WholetWelw- 
PBOnth’s darknefs and.abfejice of this fun ; but iff iy8j I feafed 
it conftdey&bly iimailer than before, and it decreafed continually 

* I^-io-tory'greM'acmMcy bereqiuKd, vva may adtl 3 s. 10° 34'to any given 
ffee of pW ediptic, at ante reduce it to what it fliould be called oi 

the orbit of Mars, and will always be true within a minute* 

from 
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foot® the *oth of May till about the middle of September, 
when, it feemed to be at a Hand. During this laft period the 
&»th pole had already been above eight months enjoying the 
benefitof fommer, and ftill continued to receivethe fun-beams; 
though, towards the latter end, in l'uch an oblique direction as 
to be but little benefited by them. On the other hand, in 
the year 1781, the north polar fpot, which had then been its 
twelve-month in the fun-fhine, and was but lately returning 
to darknefs, appeared fmall, though undoubtedly increafing 
in fize. Its not being vifible in the year 1783 is no obje&ion 
to thefe phenomena, being owing to the pofition of the axis, 
by which it was removed out of fight; mofl: probably, in the 
next opposition we ffiall fee it renewed, and of confiderable ex¬ 
tent and brightnefs; as, by the polition of the axis of Mars, 
the fun’s fouthern declination will then be no more than 6° 25' 
on that planet. 


Of the fpheroidical figure of Mars „ . 

• That a planetary globe, fuch as Mars, turning on an axis, 
fhould be of a fpheroidical form, will eafily find admittance, 
When two familiar inftances in Jupiter and the.earth, as well 
as, the, known laws of gravitation and centrifugal force of ro¬ 
tatory bodies, lead the way to the reception of fuch dodrines. 
So far from creating difficulties or doubts, it will rather appear 
lingular, that the fpheroidical form of this planet, which the 
following obfervations will eftablifh, has not already been no¬ 
ticed by former aftronomers ; and yet, receding on the general 
appearances of Mars, we loon find that opportunities for making 
obfervations on its real form cannot be very frequent: for, 
when it is near enough to view it to an advantage, we fee it 
6 generally ■ 
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generally gibbous, and its oppofitions are fo fcarce, and of io 
fhort a duration, that in more than two years time we have 
not above three or four weeks for fuch obfervations. JBefides, 
aftronomers being already ufed to fee this planet generally 
diftorted, the fpheroidical form might eafily be overlooked. 


Obfervations relating to the polar fattening of Mars . 

1783, Sept 25. 9 h. 50'. I can plainly fee that the equatorial 
diameter of Mars is longer than the polar. Meafure 
of the equatorial diameter 21" of the polar 

diameter 21" 15"' full meafure , that is, certainly not 
too fmall. The wires were fet as outward tangents 
to the dilk, and the zero, as well as the meafures, 
were taken by the light of Mars. 

Sept. 28. 14 h. 25'. I (hewed the difference of the 
polar and equatorial diameters of Mars to Mr. Wil¬ 
son, Afliftant Profeflor of Aftronomy at Glalgow. 
He faw it perfe&ly well, fo as to be entirely con¬ 
vinced it was not owing to any defeft or diflortion 
occafioned by the eye lens; and, becaule I wi(hed 
him to be Satisfied of the reality of the appearance, 
while he was obferving, I reminded him of feveral 
well known precautions ; fuch as caufmg the planet 
to pafs diredtly through the center of the field of 
view, and judging of its figure at the time when it 
was mod diftinft and beft defined, and fo forth. 

Sept. 29. I (hewed the difference of the polar and equa¬ 
torial diameters of Mars to Dr. Blagden and Mr. 
Aubert. Dr. Blagden not only faw it imme¬ 
diately. 
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diately, but thought the flattening almoft as moch 
as that of Jupiter. Mr. AuberT alfo faw it very 
plainly, fo as to entertain no manner of doubt about 
the appearance. 

As we cannot take too many opportunities of confirming 
our own obfervations by the eyes of other obfervers, I efteemed 
it a very fortunate circumftance to have the honour of a vilit 
from thefe gentlemen at fo particular a time. Mars being this 
day within 37 hours of the oppofition, and yefterday when 
Mr. Wilson faw it, within about two days and a half- 


1783, Sept. 30. 10 h. 52'. The difference in the diameters of 
Mars is very evident and confiderablc. 

Meafure of the equatorial diameter 22" with 278. 

Second meal'ure - - 22" 31 7// full large. 

Polar diameter very exa£t - 2l // .26 /// . 

0 &. 1. 1 o h. 50'. I took meafures of the diameters of Mars 
with my 20-feet reflector. The equatorial meafured 
103 parts of the micrometer; the polar 98. The 
value of the divifions in feconds and thirds not being 
well determined, on account of lome late change in 
the focal length of the feveral 20-feet object metals I 
ufe, wc have only from thefe meafures the propor¬ 
tion of the diameters as 103 to 9S. 

13 h. 15'. Every circumftance being favourable, I took 
the following meafures of the diameters of Mars 
with my 7-feet reflector, and a diftiiuft power of 
625. 

Equatorial diameter 22" 12'" narrow meafure- 

22 v rather full. 

22" 35"' exaft. 


Polar 
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* Polar diameter it" 24."' 

21" 33'" very e*a<ft. 

I faw Mars perfeftly well all the time I meafured, with 
all its figures upon the difk appearing diftinftly; and, 
I think, thefe meafures may be depended upon better 
than any I have yet taken. 

* 783, Oft 5. 14 h. o'. The difference of the diameters is very 
fenfible. 

Oft. 7. 9 h. 43'. The flattening of the poles ia very 
vifiblc. 

13 h. 40'. I turned my Newtonian 7-feet reflector one 
quarter round, fo as to bring the place to look in at to 
the bottom; and, as well as the unealy pofture 
would allow, I faw the flattening of the poles the 
fame as when I looked in at the fide ; power 460. 

14I1. 30'. With a 3I feet achromatic telefcope and a 
Angle eye lens, I faw the difference of the polar and 
equatorial diameters very plainly. 

‘Oft. 9. 8 h. 46'. I turned my refleftor 90° round, fo as 
now to look in at the upper end, but faw not the 
lead: difference in appearances; for, returning it again 
immediately to its ufual pofition, in both cafes the 
equatorial diameter appeared a little longer than the 
other; power 278, and the evening fine. 

I turned the great fpeculum one quadrant in its cell, 
but appearances were not in the leafl: altered; the 
equatorial diameter ftill was a little longer than the 
polar one. 

*1 tried a very fine new objeft fpeculum, and found alfb 
the equatorial diameter a little longer than the polar 
one. 
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783, Oft. 9. I o h. 47'. The flattening at the poles very vifible. 

Oft. 10. 9h. 55 '. A little of the polar flattening is vi¬ 
fible, fo as to adroit of no doubt; power 460, very 
diftinft. 

11 h. 3a'. Mars vifibly flattened, but not much; the 
achromatic (hews it alfo. 

11 h. 42'. The dilk of Mars is vifibly fpheroidical. 

Oft. 11. 7 h. 37'. Mars is plainly gibbous, therefore 
meafures and eftimations of the diameters muft for 
the future be improper. 

11 h. 1 2'. It is rather difficult to fay of what lhape 
Mars is now, for it is partly flattened and partly gib¬ 
bous ; but the gibbous fide not being quite in the 
polar direftion of Mars, this produces altogether ati 
odd mixture of ffiapes: however, upon the whole, 
the polar diameter is fiill rather the fmalleft. 

11 h. 13'. The preceding fide of Mars fhews the flat¬ 
tening of the poles, while the following is termi¬ 
nated by an elliptical arch. 

Oft. 12. 11 h. 12'. The flattening upon the whole is 
vifible. 

Oft. 17. 13 h. 7'. The effeft of gibbofity is fcarceiy 
equal to the flattening; or, upon the whole, the 
planet is ftill rather broader over the equator than 
over the poles. 

Nov. 1. 7I1. 56'. The femi-difk, which is full, is evi¬ 
dently part of an oblate fpheioid; but, to an eye not 
attentively looking for it, and knowing the ffiape and 
exaft fituation of the poles of Mars, this would 
probably not appear. 

Vol.LXXIV. Nn 
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1-S3, Nov. to. 9 fi. p\ The glbbofity of ftfkrs IS ftdw to* 

thit the polar dla<Wefet fs tbilti&tilbty l^riget than the 
equatdtkl ; hut the defifcrgftey ftdt lifting 4ijt.i£t]y from 
pole to pole, makes the difk of a cfOC&ed, irregular 
>• ‘ figure, and renders predfidn in this eftimation impof- 
fible; otherwife the phafe Of MnfS WOtfld have made 
a pretty good micro meter tipbn the equatorial diame¬ 
ter, and it was With ftfCh a view I had directed my 
attention to this eifCUrtiftance : appearances, how¬ 
ever, are vifibly in favour Of the polar diameter’s 
being the longeft. 

We find that the quick alterations in the vMble M of Mars, 
during the time it is in the beft fituatloit for Us to obferve it, 
are fuch, that if we were to ufe fftatty mtfaftfres which have 
been taken of its diameters, we fhould be obliged to have re¬ 
coil lfe to a computation of ks phafes, m Order to make proper 
allowance for them. Now, fince thefe changes are in a longi¬ 
tudinal direction, and the poles of Mars are not perpendicular 
to the ecliptic, it would bring on a calculation of fmali quan¬ 
tities, which it is always beft not to run into Where it can be 
avoided. For this reafcn, I fhall bt once fettle the proportion 
of the equatorial to the polar diameter of this planet, from the 
meafures which were taken on the very day of the oppofition. 
I prefer them alfo on another account, Which is, that t'hey were 
made in a very fine, clear air, and were repeated with a very 
high power, and with two different inftruments, of whofe 
faithful reprefentation of celeftial obje&s, the many obferva- 
tions on very clofe double ftars I have made with them have 
given me very evident proofs* 


As 
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A$w« are at pmfent jft <peft of the proportion of one 
^jfmeter tq the other* the meafure* of the 20. feet refleftor, 
thf^gh opt given in angular quantities, will equally fuffice for 
the purppfit, By them we have the equatorial diameter to the 
polar as 193 tp 98, or as 1355 to 1289, I have turned the 
proportion into the latter numbers by way of comparing them 
the better with the raeafures of the 7*feet reflector. By that 
inftrument the equator of Mars# Oft. t. we find, was mea¬ 
sured three times; but from the remarks annexed to the dif¬ 
ferent refults, I think the third meafure fhould be ufed. In¬ 
deed, op taking the difference of the two fir ft. which is 34/", 
and dividing by three, we have the quotient 1 1 '4 "; then, 
allotting two-thirds to the firft, becaufe the remark fays pofi- 
tively “ narrow meafure," it becomes 2 a" 34 $/", and taking 
one-third from the fecoud, which is exprefled doubtfully, 
** rather too full," it becomes 22" 35^'"’• this reflection on 
the two firft mpafurejs gives additional, validity to the third, 
which is a*,''35"Vor 1355'", The polar diameter was meafured 
twice; and as no reaion appears againft either of the obfervations, 
I fhall take the mean of both, which is 29'", or 1289'"; 
Ip that by tfiefe meafpres the equatorial,diameter of Mars is ta 
the pqlar a« 1355 to 1289. A lefs perfect agreement between 
the- proportians of the diameters a riling fromthe meafures of 
the 2Q -feet reflector and thofe which we have juft now deduced 
from the 7-feet, would have been fufficient for our purpofe, as 
we might eafily have excufed one or two tfioufandths of the 
whole quantity ; however, we, have no caufe to be difpleafed 
with this coincidence, though it fhould in part bo owing to 
accident, and therefore fhall admit the above proportian, and. 
proceed to a farther examiaation of. it, 

Nna 
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In thfc firft ffface, it will be neceffary to fee whether any cor¬ 
rection be required on account of the different heliocentric and 
geocentric fouth latitude of Mars; which would apparently 
comprefs the polar diameter a little, by the defeCt of illumina¬ 
tion on the north. On computation we find, that a difference 
arifing from that caufe would give the longitudinal diameter to 
the latitudinal as 20000 to 19987; which being much lefs 
than one thoufandth part of the whole, may therefore be 
neglected. 

But next, a very confiderable correction muft be admitted, 
when we take into account the petition of the axis of Mars. 
The declination of the fun on that planet, at the time the 
meafures were taken, wa 3 not lefs than 27 0 lbuth ; fo that the 
poles were not in the circumference of the dilk by all that 
quantity. On a fuppofition then, that the figure of Mars is 
an elliptical fpheroid, we are now to find the real quantity of 
the polar diameter from the apparent one. It has been proved, 
that, in the ellipfis, the exceffes of any diameters above the 
polar one are as the fquares of the cofines of the latitudes*; 
but the diameter at rectangles to the equator of Mars, which 
was expofed to our view in the late oppofition, was not the 
polar one, but fuch as muft take place in a latitude of 63°. 
Putting therefore iw = cofine of 63°, <1=1355, bssiify, #= 

b—tn z a 

the polar axis, we have 1 : m* ::a-xib~x. And ~ — = 

which gives us 1272 nearly, for the polar diameter. The true 
proportion, therefore, of the equatorial to the polar diameter 
will be as 1355 to 1272; which, reduced to fmaller but left 
accurate numbers, is 16 to 15 nearly. 

* Mr, par M, be ba Lande, § 2680. 
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'"1‘ fliall now alfomention forae of the Otb«r mftffurrt,-but 
ifcvith a view only to (hew that they are very bOnfiftent with the 
above determination. From thofe of the 30th of September ■ 
for inftance, we colled the proportion of the diameters 'of 
Mars as 1340 to 1286; or, reduced to our former numbefiWj 
1355 to 1300. Now, fince thefe meafures were taken the 
pight before the oppoiition, they muft on that account be a« 
good as tlie former; and, land thofe of the day of oppofition 
not been preferred, brenufe they were oftener repeated, and 
the fuperior power of the 7, and great light of the 20-fcet 
refledor, gave them additional weight, 1 fhould have taken them 
into the account; the very fmall difference, however, cannot 
but ftrengthen the refults of the former meafures. 

From the obfervations of the 25th of September we have 
the proportion of the diameters as 1313 to 1275 ; and if the 
equatorial meafure be increafed in the ratio of 20000 to 19953, 
on account of the different heliocentric and geocentric longi¬ 
tude, Mars not being at the full, it will give the ratio of 1316 
to 1275; or, conforming to our former numbers, as 1355 to 
1312. I have not been very ftrid in the application of the 
cor red ion deduced from the phafes of Mars, lince no other 
ufe was intended to be made of thefe numbers than merely to 
fhew, that they do not very greatly differ from thofe we have 
affigned before *. ' : 

It 

* If more ftriSnefs be required, let EC, %. 32. be the ecliptic j PS its.poles; 
pi the poles of Mars, and eq its equator. Then, theanglep»;C btmq found, by 
calculation, wc fliall havoC m (radius) to cm (coime of the ditFeience between* 
the heliocentric and geocentric longitude) as qv (fine of the angle qmv or 
to ov* Then, ftnee with Mara Cc can never be very great, the fmall triangle 
fHtfmay be taken for funilar to qvm\ therefore qm (radius) is qv (line o£ 
<„ * / pmC) 
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Iff-qftAfafe *|t $U gteafoy than $e l#K, iH»twdthft#i*fing 
tbe defca of light upon *. f)n calsul^fog 
# wc fjnfh that the longitudinal d»mefor *«, tf**! 

^ajr, to the latitudinal at*e as 1971j to aoooo, whi<ch therefor 
Gould not be an equal balance to oppoie the fpheroidical hgurf 
fo as to render it iivvifible. 

But, Nov. 10. the proportion of the longitudinal diaro^tej; 
to the latitudinal one, from a computation of the pbafe of 
Mars, mu# have been as 1876a to a0000 ;, aud accordingly i| 
Was by obfervation found to be more than (efficient to tajke o#f 
all appearance, of the polar flattening, and leave a viiible exjqgfo 
in the axis above the equator. 

To obviate aaydoubfs concerning a fallacy that might mile 
from the copyexityrof the eyergiafs, or irregular foape of thq 
fmaU fpecufom, I qeed, only refer, for the latter, to the expo 
timents of the 7th and gth of Qftober, 1,783,: for ffiould tfo| 
Short diameter of my fmall plane fpeculum h^Me. occafioned, a, 
coroprefong of, the polar diameter, of Mars when, expofed to it, 
half a trim, of the telefcope muft bring the other diameter of 
that fpesuhiHi- into the fame Situation, and a contrary effeft 
would have foilowed. With regard to the former, not only 
the experiments made, with, the achromatic, bp ^principally tha 
observation with the 20-feet refleflor, where I ufod, a conf 
ppund eye-piece magnifying only about 300 times, will fuffi- 
ciently exculpate the eye-glaffes. It is alfo well known, that 
in a tingle lens the diftortion of the images, if any fuch there 

/MO) m ft {zzfv— vt) tof*i which u the required correction or deficiency 
«f the equatorial diameter ef of Mara. 

Or, patting nCst and vj = m=cofiae of the angle Vmp-l "it will be 
f*=«* • tC. 

"7 Should 
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m iwa afo&l ifie *itfes «r this mScrbmeter, 

toeaftretwHrtthlbmffiftg * and the csompoumj 
I dfedWith the affect MM had likewHe the fame 
-Udtyi^?*, ft#* it tortftto&ed bit the plan lately projidfea fay 

Mr, R#'M§6fttf hi the FhifofopHica! TraftfaSiens*, winch he 
Skitf* fo oWigiug ai to corOmenicate td me abdut a tvWve-nfonthf 
agO; and whifch I immediately adapted fab hay large micro- 
BietSfs. 

On the fubjeft of flic figure of Mats I Ought to feihark? 
alfo, that perhaps the meafures which were taken of its dia¬ 
meters 8utrrt£ the lafi: oppdfifioti will enable os to afeeir* 
t i&ti its real fUc &ith ^rtaitr Curacy than has been done 
bfefoffe. The micrometer which can diftingmfh with precifion? 
between the O^uatOfial and polar dfeteeterS of this fmall pla¬ 
net, will certainly be admitted as an evidence of tonfiderable 
cfmfequ-nce; and finCe the refill t Of thefe toeaftfrCs is pretty 
ditfi r nt from what former obfervaftions give os, I fhouLd not 
otnit meutio ling it. 

We have leen that the equatorial diameter, on the day of 
the oppofition, mtafured- 22" ^ ,n . The diftance of Mars 
from the earth at that time was .40457, the mean diftance of 
the earth from the fun being 1 ; therefore; at'' 35" reduced 
to the fatoe diftance will be tto m6re than § ,f % tn . 

I (hall conclude this fubjeft: vWth a confideration relating to 
the atmofphere of Mars. Dr. SMITH + reports an obfervatioo 
of Cassini’s, inhere ** a flat in the water of Aquarius, at the 
“ diftance of fix minutes fVom the dilk of Mars, became fo 

faint before its occupation, that it Could not be feen by the 
“ naked eye, nor with a 3-feet telefcope.’* It is not men- 

* Vol. LXXIII. p. 94. 

t Optici, $ 1096. 
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tioo^what was the, magnitude of the* Aar,; (but, froray.tkj£ 
circujcn^wtce -of > its becombg invisible. to-. the uRked eye,, vg& 
lj^ytconoltide,, that it muft, have been of the or Seventh* 
mgggiiu de at leaft. The refult; of this observation would in-*. 
d^ags^n atmosphere of Such an extraordinary extent* Since a$ 
°f femi-diameters of the planet it Should Stilt 
be,--r|e#fe enough to render fo confiderable a Aar invisible* 
that it will certainly not be amifs to give an obfervation or, 
t^o f which feemof a very different import. 

• i * 

1,783, Oft,26. There ate two fmall fixed Stars preceding Mars, 

, of different fixes; with.460 they appear both dufky 
red, and are pretty unequal; with 278 they appear 
considerably unequal. The diftance from Mars of 
the neareSt, which is alfo the largeft, with 227 mea- 
,j fured 3' 26" 20Some time after, the fame 

• evening, the diftance was 3' 8" 55'", Mars being 
retrograde. I faw them both very diftin&ly. I 
viewed the two Stars with a new 20-feet reflector of 

' Y 3 ’ 

, j 18,7 inches aperture, and found them, as I expected, 

* very bright. 

[ ^ rj t O&. 27. 1 fee the two fmall Stars again. The fmall 
one is not quite fo bright in proportion to the large 

• -one as it was laft night, being a good deal nearer to 

i * » » 3 i 

Mars, which is now on the iide of the fmall ftar ; 
,but .when I draw the planet afide, or out of view, I 
fee it then as well as I did laft night. The diftance 
^ of the fmali ftar meafured 2' 56" 25'" 

* “The meafures were accurate enough for -the purpofe, though not othcrwlfe 
to he depended on nearer than, perhaps, fix or eight Seconds. 

.4 

‘StlQ'i 


The 

































f/A *M«X. 'AfXJT r r/<'A **"*'£'< '/'Ycf 






































na*.Pm. HLxm&>.a.ffik 






































on thePlsna Mars. 373 

The largeft of the two ftars on which the above obferva- 
tions were made cannot exceed the twelfth, and the fmalleft the 
thirteenth or fourteenth magnitude; and I have no reafon to 
fuppofe that they were any otherwife affe&ed by th£ approach 
of Mars, than what the brightnefs of its fuperior light may 
account for. From other phaenomena it appears, however, 
that this planet is not without a confiderable atmofphere; 
for, befides the permanent fpots on its furface, 1 have often 
noticed occafional changes of partial bright belts, as in fig. 1. 
and 14.; and alfo once a darkifii one, in a pretty high lati¬ 
tude, as in fig. 18. And thefe alterations we can hardly 
aferibe to any other caufe than the variable difpofition of clouds 
and vapours floating in the atmofphere of that planet. 

Refult of the contents of this paper. 

The axis of Mars is inclined to the ecliptic 59° 42'. 

The node of the axis is in 17 0 47' of Pifces. 

The obliquity of the ecliptic on the globe of Mars is 28® 42'. 
The point Arie6 on the martial ecliptic anfwers to our j 9 0 28' 
of Sagittarius. 

The figure of Mars is that of an oblate fpheroid, whofe equa¬ 
torial diameter is to the polar one as 1355 to 1272, or as 
16 to 15 nearly. 

The equatorial diameter of Mars, reduced to the mean diftance 
of the earth from the fun, is 9" 8"'. 

And that planet has a confiderable but moderate atmofphere, 
fo that its inhabitants probably enjoy a fituation in many 
refpefts fimilar to ours. 

ratchet, Dec. I, 1783. W. HERSCHEL. 
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XX. A Ikfcriftion of the Teeth of the Anarrhichas Lupu* 
Linnsei, and of theft of the Chaetbdon nigricans of the fame 
Author; to which is added, an Attempt to prove that the 
Tetth of cartilaginous Fjhes are perpetually renewed. By Mr, 
William Andre, Surgeon; communicated by Sir Jofepb Eanks* 
Bart. P. R. S. 


Read March i8, 1784. 

T HE amazing variety there is in the external form of 
fifties muft be obvious to a common oh&rver; and who¬ 
ever examines will be convinced, that the fame variety pre¬ 
vails in their internal flrtifture. No parts, perhaps-, afford a 
more convincing proof of the iaft aflertion than the teeth of 
fifties. To adduce a few inftances, let us only feeollett the 
fuberculated teeth in the thorn-back; the triangular ferrated 
teeth in the fhark; the (lender flexible teeth in the -cheetodmes, 
6r 'angel-fifties. There is not only a difference of their form, 
but aKb in the fubftrfnces of -which they are cofnpofed; feme 
being of afbft horny nature; others made Up of boiie; others 
of that fubihance We call enam «9 in the teeth of -quadrupeds; 
and fome having the apparent'' hardnefs and tr an fparency of 
cryftal. * We may aWb notice their tmeommon (ituation; many 
fifties havihg tecth ftot only in their jaws, but on the tongue, 
the palate, and about the fauces. 

To illuftrate in dome degree this part of natural hiftory, I 
(hall deferibe the teeth of the Anarrhichas Lupus, or Sea- 
wolf, and thofe of the Chert odon nigricans,, »« ipecies of 

Angel* 
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Angehfilh. The former bams been but imperfectly defcribed, 
mad never reprefeated diftin& from the fefh, without which it 
is ioipoffibl* to have any eta Sk idea of their difpofition, num¬ 
ber, or form, while the true fhape and compofition of the 
latter, from their tnimiteaefs, have been entirely overlooked. 
1 (hall then attempt to prove* that a continual renovation of the 
teeth takes place in cartilaginous fifties. 

Ttt* Si£ a-wolf is a fierce and ravenous fifh, as its name 
imports, found in the northern parts of the globe, where it 
frequently grows to the length of four feet and upwards. 

The jaws of the Wolf-fifh are made up of fevefal bones, to 
each of which a greater or lefs number of teeth are affixed; 
but, before I enter upon the description of them, I foall take 
notice of the palate (marked A. tab. XI.), that being a kfod 
of bafts or fupport to the other bones, to which they W all 
more or lefs connected. The palate is a thick and firm hone 
united above to the bones of the cranium and nofe, and ending 
•below in a flat oval furface, on which are incrufoad about 
twelve or thirteen ftrong, blunt, and rather flat teeth of the 
malar or grinder kind. The external edges of the teeth are 
the mall prominent j by which means a hollow is formed in the 
middle of the palate. 

The upper jaw is compofed of three bones, two of tybjch 
(BB) are placed laterally, forming the fides of the upper jaw, 
and the third (C) anteriorly, making the fore-part of the jaw. 
The third bone; may be divided through its middle into two 
portions; but fence it has the appearance of one hquepoly, 
the connexion being very firm, 1 fhall deferibe it Sgfffleably to 
that appearance, to ppewent needlefs dwifions. 

The fide bones of the upper jaw have nearly the fhape of an 
italic f. At th^r pofterior ends may be obferved a jfmqoth 

Ooa ati- 
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articular furface, for their connexion with a fiao0ar forfaceoft 
the pofterior extremities of thelower jaw; and on their ante¬ 
rior‘ends there are two rows of teeth. The external row con¬ 
flicts df three or four fharp or conical teeth; and the internal 
row of four or five blunt and rather flat ones. Thefe hones are 
cottnefted to the palate and bones of the nofe by loofe but 
ftrong ligaments. 

The third bone of the upper jaw, which may be called the 
anterior or nafal portion, is of a triangular form, connected 
above to the bones of the nofe, and ending below in a flat fur- 
face, thick-fet with fharp conical teeth. The external teeth, 
about four in number, are large and ftrong, and bend a little 
inwards; but the internal ones are fmall, and nearly ftraight, 
of which we may reckon about ten. 

This bone is connected above (as I have before obferved) to 
the bones of the nofe; between which a complete joint is 
formed, of that kind called by anatomifts ginglymus , that is, 
where the projecting parts of one bone are received by cor- 
refponding cavities in the other. Like other articulations, it is 
furnifhed with a capfular ligament, and no doubt an apparatus 
for the fecretion of fynovia. Although a joint exifts between 
this bone, and thofe of the nofe, yet no mufcles are provided 
for its motion, which depends entirely upon the rcfiftance made 
by thofe hard bodies which the animal takes into its mouth. 

The lower jaw (D) confifts of two bones, united at their 
fore-parts by a ftrong ligament, which allows of fome motion. 
On their anterior extremities are placed fix large and as many 
fmall fharp and conical teeth ; the large teeth are placed exter¬ 
nally, and their points are bent a little inwardswhile the 
fmall ones, which ftand within them, are nearly ftraight- 
Behind thefe are two or three rows of grinder teeth. The 
i external 
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external teeth nearly upright; but the internal ones are 
placed obliquely, inclining towards each other. 

The teeth are formed of a hard bbny matter, not covered 
with enamel as in fome animals ; nor is there an equal diftri- 
bution of euamel and bone as in fome others. They are not 
fixed in fockets, but are fattened to the jaws in the fame man¬ 
ner as the epiphyfes are united to the bodies of the bones in 
young animals. 

From the foregoing defcription it will appear, that the ante¬ 
rior (harp teeth of the Sea-wolf are admirably calcu late d for 
feizing its prey, while the pofterior grinding teeth ferve to 
break down the hard (hells of lobfters, crabs, mufcles, fcol- 
lops, &c. which this animal is known to feed upon. The ex¬ 
ternal teeth on the fides of the upper and lower jaw being 
higher than thofe placed within them, a hollow is formed 
above and below, in which the convex (hells of cruftaceous 
animals, &c. are confined during- their compreflion between 
the jaws, which is effected by the aCtion of ftrong mufcles 
placed on the fides of the head. The jaws being made up of a 
number of pieces, and connected by loofe ligaments, a freedom 
of motion is allowed, and the collifion or (hock arifing from 
the comminution of hard bodies is fo much the le(s by being 
divided among a number of bones. 

Merret informs us *, the lapis bufomtes are the flat grinder 
teeth of this fi(h petrified. But certainly thefe foflils are not 
the production of the Sea-wolf alone, fince they may originate 
from all thofe filhes which have flat teeth in their palate or 
jaws; a ftruCture which the French naturalifts diftingui& by, 
the appellation of palais pavL , 
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The individual which fttrnlflsed' the following account wa# 
brought from the. Weft Indies, and meafured about five inchea 
In length*. Its teeth (the only parts I mean to deferibe) 
were fo fmall as to require the afliftance of a rhicrofcope to 
difeover their real fhape. 'There were fourteen teeth in each 
yaw, leven of which from the upper one are reprefented 
tab. XII. They confift of a cylindrical body fixed in 
the jaw, above which they fpread out into a broad and 
rather flat furface, on the edges of which are twelve or thir¬ 
teen dent kali , making an uncommon appearance, and totally 
different from the. teeth of any other animal. Another Angu¬ 
larity is their being tranfparent, unlefs viewed with a deep 
magnifier, when a few opaque lines may be perceived, which 
point out the cellular part of the tooth through which the 
blood veflels ramify, which are deffined for its growth and 
nourifhment. They are not all of the fame length. Thofe in 
the anterior parts of the jaws are the longeft, from whence 
they gradually diminilh in length as they approach the angles 
of the mouth. 

From the foregoing defeription of the teeth of the Chatadon 
nigricans* this filh feems to be mifplaced in th tSyfiema Natura 
of Lij»n.Sus ; fince one generic diftin&ion of the Cbatodontes 
is to have numerous, (lender, and flexible teeth} whereas the 
teeth of the Chatadon nigricans are few ill number, placed in 
One row, and of a cryftalline hardnefs. 

* This fifh is well represented in Du Hamel Traite general des Pefches, 
tom* III. fecomle partie* feflion IV. pktiche xii. under Ac name of Chirurgun 
'wwPorte Lancctte. 
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Of twx tests oar oastilaoikow fisue*. 

When Steno examined the teeth of the (hark, he was fur- 
prifed to find’» great number of them placed on the infide of 
each jaw, lying clofe to* the bone, and many of them buried 
in a ISofe fpongy flefli r concluding that thefe internal teeth 
could be of little or no ufe to the animal. Mr. Hehissaitt * 
afterwards (hewed the ufe of thefe internal or pofterior teeth, 
by proving, that as the anterior teeth of each row are broken 
off, drop out, or wear .away, the pofterior ones come forward 
to fupply their places f. 

But though it be certain that the anterior teeth, when loft, 
are replaced by the pofterior ones, neither of the above natura- 
lifts, or any other that I know of, have attempted to ascertain 
how often this circumftance happens. Whether the renova¬ 
tion be perpetual-during life * or whether that operation be fuf- 
,pended after a limited number of teeth have been fupplied. 

From a lingular cwcumftance, which I met with fome 
time ago, I am inclined to think the former is the fa<ft; pr, 
that in cartilaginous fifhes, fuch as (harks, rays, &c. there is 
a perpetual renovation of the teeth- 

Being engaged in differing the jaws of a very large (hark, I 
was (urprifed to find .a portion of that (harp, bearded bone 
found in. the toil of the fire-flaire, or fting-ray |, driven quite 

'• 8«makc D&ioiMMtt U , Hift(»lre:NanM«lle, article Requien. 

It nay not be improper on this occasion to point otit a miftake ehtfifcfijpr 
.naturalifte haec fallen into, in allowing a fetof mufclet for railing tk^awnerov* 
teeth placed in the jaw* of lhark*. I have frequently differed the ja« of thole 
animal*, and am certain no iuch rrtdfcle* exift, nor are they indeed at all neeelTaiy. 

'$ 4Hu*' TaftittacA i lnmtx.t. The French 'natwalifte, on -account «f tin bone 
de&tftatl^adl tlda tfa JtawUiuutfm^ 

through) 
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through the lower jaw among the pofterior teeth, and fixed 
almoft immoveably. How this happened mull he obvious to 
every one. (See the figure,, tab. XIJI.). 

1|e.fbre t proceed, it will be necefTary to olTefve, firft, that 
the pofterior teeth of cartilaginous fifties are always found in a 
Toft, paembranous ftate, and but imperfectly formednotwith¬ 
standing this, they have the whitenefs of teeth from a fmafl 
quantity of calcareous earth already depofited withifi their fub- 
‘ftanbe. Their hardnefs and perfect form is acquired aS they 
advance towards the anterior ^atts of the jaws. Secondly, 
that of the three angles in each tooth of the fhark, One is 
placed towards the right, another towards the left, and the 
'other, which is in the middle, and the moft acute angle, is 
directed inwardly towards the tongue or fauces. They are 
placed then in fuch a manner as that the angles of the teeth on 
the left-fide in one row, approach the angles of the teeth on the 
right-fide iu the next row. Thofe teeth which (land on a line 
from without inwards, I call a row; not thole which are placed 
nearly in a parallel line from one fide of the mouth to the 
'other. 

The fharp bone of the fling-ray was fixed in the lower jaw 
between two rows of teeth, and at their pofterior part, where 
the firft rudiments of the future teeth are formed, and it will 
be clear to every one, particularly thofe who are converfant in 
Tucfi matters, that this could not have happened without pro¬ 
ducing a great<!eal of pain, fweliing, and diforder in the part 
■•where it was fixed. It is unneceftary to enumerate the dif¬ 
ferent kinds of mifehief this might occafron. Let it fuffice to 
obferve, that on account of the fpace taken up by this extra¬ 
neous body, the teeth on each fide of it, for want of room, could 
never after be perfe&ly formed. The teeth on the left-fide 

wanting 
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wanting their angle# to the right, and the teeth on the right* 
■fide being deftitute of their angles to the left. 

As it is certain, that the anterior teeth were formerly pofte- 
•rior ones, and as the teeth in each tow were all deficient m one 
angle, it follows, that they rauft have been formed pofteriorto 
the infertion of this extraneous body., Again, if we allow 
that before the accident the animal was in .poffeffion of perfect 
teeth, it follows alfo, that they were confuted and replaced 
by imperfod ones. 

There were fix teeth in each row, and fifty-two rows, 
making together about 31 2 teeth. Nqw allowing the con¬ 
sumption to have been 'equal in a}l parts of the jaws, it fol¬ 
lows, that the animal had already confumed 31.2 teeth, and 
was in poffeffion of a like number for future confumption. 

The teeth of (harks, rays, &c. may be divided into a&ive 
and paffive. The a&ive teeth are the anterior ones of each 
row, (landing with their points upwards. The paffive teeth 
are the remaining ones, lying one upon another, like the tiles 
upon a houfe'{imbricated), with their points downwards. It 
•appears from the foregoing account, that the anterior or aftive 
teeth had been replaced fix timwsr; and that they might have 
been renewed fix rimes more, making in- all twelve times. 
From which, 1 thidk, we may ireafonaHjr conclude, that this 
•does not happen any > precife number dfjtimes; but that the 
renovation is .perpetual dur$g thelifoof the animal. 

The longevity of fifties is a fa& pretty well eftablilhed. In 
addition to this part of natural knowledge, I have endeavoured 
to prove, that a part of the inhabitants of the great deep re¬ 
tain, in the-article of teeth, a perpetual juvenility, being appa¬ 
rently utter (hangers to edentulous old age. 
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m XI: The jaw* of the WoJMUK. 

A. Tfce palate. 

BB, The fide boirtw-of 
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Di The lower jaw; 1 " r ^ h;< > • 

Tab. XII. The teeth of the Chatodon nlgrl 
Tab* X10. Part of the Icrtfer jaW of a " 

AA. Two rows of jterfeft teeth.* 

BB. TwoioWsof ith^erfedl ones.- 
C. The home of the ftihg-tay 1 . 
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XXI. MJlrd$ of a Regi/ler of the Barometer, Thermometer, 
and Rain, at Lyndon, in Rutland, 178 ^. By Thomas 
Barter, Efq ,; communicated ^ Thomas White, E/j. F. R. S. 


ft. - 


Read March 18 , 1784 . 
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jtS* Mr. Barker’s Regifter of the 

The year began with a fhort dry froft, then fhowery, inter* 
mixed wit!i froft. The end of January, and near half of Fe¬ 
bruary,, ftonny and wet, and after ten days fine and- mild j % 
fevefe feafon for fupw, wet, wind, and froft. The end of Fe¬ 
bruary and beginning of March cut the grafs, com, and. flock, 
more than all the winter before. From March ro. to May 27. 
was a very dry feafon and fine feed-time; but fo dry at laft the 
late Town com could.not come up. Thafpring was pleafant 
but almoft conftant frofty mornings till April, and frequent 
afterward, kept things backward ; and-though there was fome 
fine warm weather the middle of April, yet later in May the 
drought and N.E. winds.flopped' the growth of things and 
two lharp frofty nights, May 25. and'2 6.. the rime was lq par¬ 
ticularly cutting in the, meadows, that the young fboots on 
many oak and afh trees in the vallies were, entirely killed, while 
thofe on the hills were unhurt, and 1 fome ojf the tops of the. 
trees efcaped, though the bottoms were bhftedl ' • 

May 27. to-3c# in a continued threferdays rain.thero fejl’ji 
inches, which, is, I believe, the raofl that has come in one 
continued uncealmg rain fin<se; July 1736, when, in about the. 
fame time, there came fiwe ; inchesbut the rain-this May was 
not alike in ^11'places, for there was not a.qUartei fo mu<|h in 
Hampfhire. j This rain was ofi vaft forVice to bring up thfc late 
fown corn, and make the grafs grow well j bj ut this and fome 
other hafty rains afterwards hurt.the meadow grafs, by flooding' 
it three times. Hi>t Weather foccecding* it was a very growing 
time, and ten days, together, in*the middle Of. Jjjne,. wefe alii 

wet. ? ‘ ' ‘ ■ i ,' w 

* 1 ' * 

During the fhowery time an uncommon hazinefs began* r 
which was very remarkable all, the rejft ! of the forMner: the. 
air was all th’ck both below the clouds and above them, the 
0 * feilfe* 




Weather at Lyhdon, in fcutlknd. 28$ 

•fcilTs looked blue, and at a diftance could not be feen ; the fun 
Alone very red through the haze, and fometimes could not <be 
feen when near letting. There was more or l fs of this haze 
altnoft conftantly for a month, and very frequently to the end 
of the fummer, and it did not ceafc till* Michaelmas; and nei¬ 
ther rain nor fair, wind nor calm, call nor weftwinds, took it 
away; anckit- was as extenfive as common, for it was the fame 
all over Europe, and even to.the top of the Alps. This haze 
was very like ViRcn/s dfefcription of the fummer after J. 
Cesar’s death, which-was probably thefame cafe> 

Cum. caput alfaiTu nitidum ferrugine texit ,. 

for rufty iron is a very good defeription of die colour the fun 
foone. But by Plutarch's account* near the end of C. 

that fummer was very different- from this in other 
refpe&s for,- he fays, the fun gave very little heat, the 
air was cloudy and heavy, and the fruits not ripened, which 
was not the cafe this year; for this was a dry haze, 1 the fum- 
naer in general'hot and dry; and in feme-countries very much 
fo. 

I think I never-knew more mifehief done by thunder than 
there was in different places this year, from die beginning of 
JMy* and very* feldotn more or hotter weather; yet where 
they had not thole thunder-fliowers they fuffered by being 
hurnrupi Here we never wanted graft after May, and the 
hay and barveft were both-well got* in-; but m-Surrey, Hamp** 
ihire, and Dorfot, they were very much burnt up, had little 
bay, and as they had a good'deal of fhowery weather, in hat* 
veft; their barley fuffered twice, from not coming up in time, 
and 'again in getting it. Jo. As the rain this year was chiefly, in, 
{ bo wers or fudden rains, it foil,very uncertainly* as appears by 

, comparing 
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comp,arjng.what fell here with that iu ^ampfliire* The jla^er • 
j>|ct of Auguft and firft half of September was 'fhowery; but 
in this country not fo much as to hurt the harveft, a great part 
of -which was in fifft. The crop of grain was hi general 
pretty good, but did not yield enough to make up tjbe defefifc 
of the laft year’s crop, every body was fo much put of all forts, 
as the corn If ft year was both fearce and bad ; grain, therefore, 
continued dear this year, efpfdaiiy barley. 

The fummer 1.782 had been fo cold and wet, that the 
flower buds on mapy tr.ees were very fmall and not perfe&ed, 
fo that this fpring there was a great want of blofloms on the 
wall fruit and apples, and exceeding few indeed on alh-trees 
and hawthorn. I do not know of " any afhkeys at all, nor any 
bynches of haws, only;a few fcattered .fingle pnes; but cher¬ 
ries and plumbs biqflbmed well, and there was no yvant of 
fruit; plenty pf currants, and vaft quantities of gpofeherries. 

Augqft id. a remarkable ball of fire was fecn between nine and 
ten at night all over England, and even in foreign countries. It 
foamed to move from north to feyth .or foyth-eaft. Them 
was another OStober 4. but not fo much obferved, and fonap 
fyy.snfitber afterward, h&t little fepn; but there were very few 
«prj&gr» lights this suitymp. - , . t 

The autumn was a very fine one ; palm* fair, and mild, byf 
rather too dry for the fowiug of . wheat, whifib, hpveyer, in 
general cam# ?p well* and what Jay sky was brought up ; yej*y 
finely by ten days wet the middle of November ; afor which 
it was dry and fine again, an, open mild time, with few fmfiy 
roomings; but a good deal of dark or mifty weather In Pecpm- 
ber, yet mild till the left week, when thefo name -a, greet ftxow* 
wiy feviere feoft,an4:fiytting ftrpng wind, which ended theytsar. 

X ' 
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XXIT. On the Perils of the Changes of Light in the Stan 
Algol). In a Letter from John Goodricke, Efq. to the Rev, 
' Anthony- Shepherd^ D, D. F. JR S, Projhjfor of Afronotnyat 
Cambridge.. 


Read April 1784* 


»• I B» YorK, Dec. 8, 1783. 

A S I am now able, by collating fome of my fete obferva- 
tioiis on Algol with thofe 1 fent you laft May, to-deter¬ 
mine with greater pnecifion the periodical return of itsch&nges, 
1 wi(h to>add this as a kind of fupplement to that account! 

T&fc method X have here purmed is by taking thef intervals 
between accurate obfefVations of Algol’s leaft brightnfefs of 
greeted diminution of light made at long diftances of time 
Aomf 6ach‘ other, a$<£ dividing thdfe ihtei^al^tiy a eefMri riiim- 
ber of revolutions, as will be belt underftood by the table be- 

m. *twM&h tfjfy cmdg 4 mg' tmm u?m the 

the efrdfcf of o&fcmfiftw 
aWf MPf atf d^drtmot, fioWevfchai ytt W 

excluded, but I think the period is now, by the foHmWngtaftf 
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Mean 
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an-interval of 99 revotuttens, eaOh 

2 

20 

49 
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Jan, 14 
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9 

8 

25 1 
17J 

Ditto 

106 

Ditto 


%0 

49 
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Jan. 14 
Nov. 17 
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2 *1 
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Ditto 

107 

Ditto 
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20 

-49 
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Fab. 6 
©A. *5 

5 
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Ditto 
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Ditto 
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20 

49 
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Nov. 14 
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Ditto 
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Ditto 
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48 
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Feb. 6 
Nov. 17 
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' 6 \ 
5* J 

Ditto 

99* 

Ditto 

2 

20 

48 

S» 

FA>. 26 
OA. 25 
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431 

391 

Ditto 

84 

.Ditto 

2 

20 

49 
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F£b. 26 
Nov. 14 

9 

8 

431 

‘71 

Ditto 

* 9* 

Ditto 
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20 

49 f 


Feb. 26 
Nov. 17 

9 

4 

431 

5*1 

Ditto 

92 

Ditto 

a 

20 

49 


Jan. 31 
Nov. 14 

*4 

,8 

291 

*?'f 

Ditto 

IOO 

Ditto 

2 

20 

49 

4 

M*r. ai 
Nov. 17 

8 
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Ditto 

84 

Ditto 

a 

20 

48 

46 

.Hence the jperiod of Algol’, variation is, 

on a mean. 

2 

20 

49 

3 


I could have added ieveral more comparifons of the like 
kimd ; but thefe are, I think, fufficient. It is to be remembered, * 
that all the obfervatioos contained in,the above table are reduced 
to mean time. 

It appears to one now, that .the duration of the variation is 
■about eight hours; but, as it is difficult to hit exactly the be¬ 
ginning and end of the variation, this may occafion different 
obfervers to differ in this refpe&. Before I conclude, 1 beg 
Sleavc to mention a .ciicumftance delerving'of notice,; which is, 

. * that 



Changes if LigU in tin Star Algol. iff 

that Flamstead has alfo amongft other ftars obferved Algol, 
and in two placet has marked it of lefs magnitude than at 
other times* viz. of the third magnitude, 1696, January 16. 
6 h. 24', and 1711, December $. 9 h. 13', both mean time 
and old ftile *. Sufpe&ing thefe might probably be days of 
Algol’s variation, I computed the interval between them, but 
could not find a period anfwerable to that which 1 have above 
determined. Upon examining more clofcly the obfervations, 
1 find, in that of 1696, he marked at the fame time the mag¬ 
nitude of f Perfei; which, confidering elpccially the neamefs 
of f Perfei to Algol, makes this obfervation to be relied on for 
its juftnefs, and lefs liable to any miftake of judgement; 
whereas the other obfervation of December 5, 1711, is more 
liable to error or doubtfulnefs, becaufe he did not then mark 
the magnitude of g Perfei, or of any ftar of the fame magni¬ 
tude near enough to Algol. Prefuming, therefore, on the juft¬ 
nefs of Flamstead’s obfervation of 1696, to think that it 
probably was made at a time when Algol varied, 1 compared 
it with one of nunc* viz. O&ober 25. 6h. 39', 1783, and I 
find there is, in the interval between thofe obfervations, either 
11,176 periods, each of ad. 2oh. 49' 18"; or 11,177, eac ^ 
of 2 d. zoh. 48' 56". The laft, as it approaches neareft to 
the tefults of my heft obfervations, I think, is the exa&eft de¬ 
termination of die period. This, however, all proceeds upon 
the fuppofttion that Algol varied at the time of Flamstead’s 
obfervation, and alfo that the period is regular. 

• Hiftom Ccetefiii, t*l. II. edit 1725, p. *84. and 534* 
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., following js -9 ffiortahltrsffcof my latejobfervatians on 
wh«n its leaft magnitude was,accurately determined.;, 
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10 52 Aboyt^qual to Perfei, though Algol, Teemed to be 

rather brighter. _ " ’ / ' 1 ‘ ' J 

11 7 Evidently lefs than,f Perfei. '' ’,' >J '** 

it 22 Ditto;,blit rather difficult to diftinguiih theni. from 

' f ' , , < . " * D ‘‘ , ;i ‘ <1 'I 

each other. f< , tf 

i t 30 Rather brighter than and.not So, bright as JPerlei. 

12 o About the brightness of $ Perfei, and rather lefs r than 

^Tr^anguli. , 

12 30 Brighter than £ Perfeh and rather not fo bright as 
j 3 Trianguh. , 

,j From thofe obfervations, by taking a mean between 

. 1 i h. 7 r and 1 1 h. 22', it* appears," that its leaft'b’righS- 

v / * ’ j 1 1 if >",* • 5 jL / vlu/m j 

, , nets,happened at 11 h., u. ; true, Tthink, toe’;. ; 

* - t £ ^ - October v *** ' * ls> *»’•> i * 5 v u 

8 40 It w.s confiderably lefs tltaq e Per&i. 1 11 3 ,M1 ^ 

Xi'-v™-' 

7 2o”Dqual to o Perfei, jthdugh Algol fee nred" rather lejs." u 

■ Hj 'Abour wu a »,V&. . '" ,f r •' " 1 • " 

1 ryWim dun 

8 .5 About thetliird manure,,and,eq^to^^rri&lgqli.' 

9 35 Between the feconh aritfitnrd magnitude'; brighter than 

and rather Uts than W^egafi. ’ * 
to io About the fecond magnitude; rather brighter than « 
Pegafi, rather lefs than /3 Caffiopeae, and not fo bright 


a* » and y Caffiopeae. 

** O 


Wr,* S^her 



App* time* v ' m< 1 *-1^ 

h. ' , , , ( 

io 40 Rather brighter than /3 Caffiopese, But lets tfitsui « tod ». 

it o Nearly equal to, if not rather brighter than,'v Cifli6- 

<in4 fkaw ... ^1 O ’ * 


pc*, and left than « Cafliope**. 

In 20' afterwards it Was of the ftm'ehrightnelsi hence 

, we may conclude, that the variation has 'ended at 

u J '• • 1 ! s •»« >-•<' -Of. 

11 n. o . 

Its leaft brightnefs from the ohlerv^ions ^appears to 
have happened at 6 h., 55'; true,*^ thinkV^to 10'. 
November 11. , 

10 5 Third magnitude; not much different iVom'* l^rfti 

and /3 Trianguli., , x . ^ ^ ' 

10 45 Between the third and fourth magnitude; believe equal 

* • to JPerfel. ' * ‘’V.’" , 

11 14 JLefs than ^ Perfei.. ' ‘ ^ ? - 

48 Ditto; but thpikit rather'incraafeA ' * : * '-r 

Ti. 1 A 1 • I * r r • : 'A. "X "• 
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have 



quarter,of an hour! The weather’ was rather hazy. 

" • : ^^Novembey'; 4in * ^ 

, 5 o Between the fecond and thlrd magnitude, and'left than 

f „ (3 CmopG&. . . . , 

S.M'A ISrieria.'' ' J >u ' \ * " 

* 'fiT&rl ^ hter *“ 

, 8,10‘Vjlttlc’ij^^ter ffialfflEjls? and believe jif&t to,, 

: 4 . v!j; 7 snd s 3 li.;T«:*! ru. 1 '*'i>m 4 «* •/!•.<?* H 

V 5 ^. * * » dO 


'AmuaU'yjh m H;mi{ yih o> 

- *<*# ••drgiwitjrt Ir.ff ®S“ MWt 

Elions »« thu» s a little left 

11 Pegafi, a*d rather a little brighter than y CafBopcau v ^ 
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App. time. 

h. ' 

8 „a,j Lef* than p Berfa. 

40 Ditto. , ? 

9 V Equal to p, though Algol appeared rather brighter. ‘ * 

9 i j A little hrighter than J and pPerfei. 

By taking a mean between 8h. 25' and 8 h' 40', it 
appears, in leaft brightnefs happened at 8 h. 32'; 
true to 10 minutes. The weather was rather hazy 
during Tome part of this obfervation. 

November 17. 

4 1$ A little lefs than p Perfei. 

5 15 Ditto. 

5 35 Rather brighter than p Perfei. 

5 50 A little brighter than p Perfei, but lefs than $ Perfei. 

6 5 Rather brighter than $ Perfei. 

6 40 Equal to j 3 Trianguli, and brighter than < and £ Perfei. 

7 20 A little hrighter than /3 Arietis. 

ft 30 Between the fecond and third magnitude, and equal to 
/3 Calliopes, but lefs than <* and y. 

$ 50 Second magnitude, and equal to y Calliopes?. 

$25 Nearly the fame, if not rather brighter. 

The variation has’therefore ended at 9 h. o' nearly, and 
its leaft brightnefs by taking a mean between 4 h. 58' 
slid 5 h. 15', happened at 5 h. 7' ; true, I believe, 
to 10 minutes. The weather was fine. 

I have feveral more obfervations on Algol, where I have npt 
been able*®- afcertain ks leaft brightnefs, which all happened 
agreeable to the period as above determined* vi%. May ao». 
July 5. and 22. Auguft 14. September 6. 9. m>. and 26. 
her {, 5. 19. and 42 * and December 7. - 
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XXrtL Experiments and Oifirvattortr on the Terra Fonderofa, 
&c. By William Withering, M. D»t mnsmmmted by 
Richard Kirwan, Efy. F. R. 5 *. 


Read April 22, 1784*. 


SECTION I* 

* 

Terra pandtrofa air ata- 

T HIS fobflanee was got out of a lead-mine at Alfton- 
Moor, in Cumberland. I firft faw it in the valuable 
collection of my worthy and ingenious friend Matthew 
Boulton, Efq. at Soho; who, when he picked k up, con- 
jeftured from its weight that it contained* fomethiag metallic. 
About two years ago I faw it in his pofleflion ; and partly from 
its appearance, being different from that-of any calcareous (par 
I had feen, and partly fco«n its great weight, I fufpe&ed k to 
be the fpatum ponderofuro., m * 

A few experiments made at the Tnoment confirmed my fuf- 
picions, at leak fo fir as 4 o fhewthat it contained, a large pro¬ 
portion of the term ponderofa united bo fixed :air; but I^d not 
then flatter myfelf that it would prove fb pure as-1 afterwards 
found it to bev 

» Profess 



2^4 Dr. ,WiTH»RiNoV^^W«rtl/i a$rfjObfervatwu 
Profeffor Bergman, in his Sciagraphia Regni Mineralis, 
publilhed laft year at Leipfic, conjectures (§ 58.), with his 
U&oi-.ftgttityi, poj^ero^^V^# ferte alic^i £ 

M o«iettmt*wa-fte«ruiifllta^n ^m v^et 

“ de dir at a." .1 , A H n\ v «w,w «J? f, t5 .a . J 

I was much delighted by the detection of a fubltance which 
promifes to be of very confiderable utility in chemical inquiries, 
and more fc when I found it to,be a native of this country; 
for it is not improbable, fchat* it‘may oe met*with in many other 
mines, befides that at Alfton-Moor. 

Mr. Boulton, with his ufual benevolence, prefented me 
with a, piece of it,., part ^of which accompanies this paper, for 
the infpeClion of the Members of the Royal Society. 

r V * * 

More obvious Properties. 

f *' 1 a •visr.i ,j> - (i 0 I* . , >(,f f tii < ' rtrn 

*lts gsneral appbawwceus hdt rriuch unlike»that pf a 1 himj fio f 
. nfoftli s b<frp©» clefcr it’foams tohecompbfediof 

fleiiiecfpiculk ihkjioii eooAwft. iliiiit mofe-tor left,dSvqrgingi ,<Jt 
jStty< ;5 fc« : frat'witk aimifb. > Its fpeoific giwrityiis from 4^0 

WWgfa ‘ ‘ ’ ' <‘i »•» II V/M j t yp, ^ • ,) J A 

iGb'wefces with- acids, amd Kwhs w|^ef..dthe Wow-pipe, 
tftoto|^h«t*''S«8ry veadiiy. Piaeesfein a c»ve*edqrii«iblp, iafthof 
parlour •fire, -it loft its tranfparesiey. ,i,,i , « 1 . j 

41 ^ kf$»it»eto a moderate heal: an a melting furnace, it 
aflllfettjd .crucible, and • exhibited s^os itf fufion j> 

***^t'aitfaim(fced in weighty did in* foefceiwftic wiwt**f* 
j aor huh it left its.* property «f etforofowg 
with acids. . ; ■ *ir * 

’ . Hence 



te. vs- 

Heipre It |f probable, that its,loft,of tranfparency' was ranseft 
ppcafionea by numerous fmajl cracky 5 l th 3 ft iW’diyVAaj^ of 
tbe water of cryftainzatibn/orof Its attfalabid. ' f< " 
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^ A. 500 grains, diflblved in murrtitifc %tkt,3ro 'fbcb >a banner 
that nothing hut daftic fUiM' tould jsicape* left ini fojtaidf Jto* 
grains, and f ‘theVe Yettiaified an infolufele'rdfidaura .of nearly 3 
grains. " 1 1 - ftt: < ll' •'/ r d > t 

‘ l> 2. In ahttthierr experiment 1 a ©o grains loft in'foliation-21 
grains, and there remained 0,6 of a grain-^f infallible,matter* 
B. 100 grains diUolving it\ dilute njuriatid Scid/gabe but 25 
Obnce meafures of air. ■ 'This air Was received in tjttkrkfrfver, 
and* When the <]jar was’ Wholly di Hoofed ^ the. foliation was 
boiled, in drdet to dtitb'o&Wtrhbt air'ihightibelbdged ilSitu 
2. 'This dif was heavier tWfaf Ofrtttbffihrffic abb; it wasrreadily 
abfoihed by 'agiraiSon in' wdteW/ tt-preeipitkfcd jiiroe ftomilirn*- 
water, and itdbxfifigdilhed ffafcneH Thfe WJVte t .which \ .had «br 
IdrbecPit bhan^ed‘th^ > hhie ,l b6fBdiut 6f littf#»Si fioWAjrf tbia jgd; 
fb tha/ ihis ? dkftic"Buid‘Wafe , 'diaddiiblediyAoabflur.r, l , „,j - 
‘■; 5 t 3 , The; folirtiun ‘'(Bffc/ j the ^addition >■<* ndW, fbfiii 6x cd 
S&afyV afihhifed 'a ‘ aftfit yttpper jwtaftipgond 

drying, weighed icograins. .*"*>'id< ,1 : jll„ :. 

'* 2. 4 Th’ft'’p^c^itate,■ ujWtf feiliif; agiiftodjfiblved .iiii marine 
apid[ yieldb^bhiy 26 dmice^ibkflres^^-fittedair; fo i&t V" 
i :w : • • ( T* .l« IkuvL-j-jo ; -ill u, 1 ! 


* Other acids turn the blue of lkiUus iftftantly to a red, whi!ft t nr£$$f| 

Wwed (total nwdtbwge;thfiii.Wd/'wjftk^ky i 

fewwk, theitf^appe^.,ft^ea;gr?dua.lly grows m^diftina, 

' ' * * j * k ^ 4 / ir * J ^ ^ 

~ f * " ' Jlfjp^ti *; W j uni ; * Ay QQb* Ta 

■ ■ ' 5a.i- .. I ; :t bib • 
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D. to ft faturated folution in marine add nfild fixed vege¬ 
table atkaly was added; the earth was precipitated, and a quan¬ 
tify of fixed air efcaped. 

ft. The fame thing happened when mild fofiU alkaly was 
added. 

3. When cauftic vegetable alkaly was ufed, die precipitation 
took place, but without any appearance of effervefcenee. 

4, 50 ports diftbived in marine acid loft, during the fplu- 
tion, nearly 10,5. This folution, upon the addition of cauftic 
Vegetable alkaly, let fall a precipitate which, when wafhed and 
dried, weighed 45,5. 

. 5. PhJqgifticated alkaly precipitated the whole of the earth 
from parttof the folution for mild fixed alkaly afterwards 
added to thetfikored liquor occafioned no further precipitation. 

E. Part of the precipitates D. 1. z. after expofure to a ftrong 
fiieat in a crucible, was thrown into water. Next morning the 
water was completely covered with an ice-like cruft, and had 
the acrid tafte of lime-water in a very high degree. 

2. The fmalleft portion of vitriolic acid added to this water 
occafioned an immediate and copious precipitation; and when 
this acrid water was diluted with 200 times its bulk of pure 
w fttfflV’ the precipitation upon the addition of vitriolic acid was 
yet fufficiently obvious. 

3. A fingle drop of this acrid water, added to folutions of 
tartar of vitriol, glaubeb’s fait, vitriolic ammoniac, alum, 
Epfom fait, felenite, occafioned an immediate precipitation in 
all of them. 

F. The precipitate thrown down by the cauftic vegetable 
alkaly (D. 3.) was put into water, in expectation that it would 
.make lime-waterj but neither upon (landing, nor after boil- 
ing, (fid this water exhibit my precipitation when concentrated 

vitriolic 
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Vitriolic acid was dropped in it; nor had it any acrimonious M 
other peculiar tafte. 

G. Concentrated vitriolic acid was added to one portion of 
the precipitate D. 3 ; concentrated nitrous* acid to a fecotid 
portion; and marine acid to a third portion* No effervelcence 
could be observed, nor Was there any appearance of foiution. 
After (landing one hour water was added; and the acids, thus 
diluted, were fullered to remain upon the portions of the pre¬ 
cipitate for another hour. They were then decanted, and lktu- 
rated with mild foflil fixed alkaly, but witiiout any appearance 
of precipitation, 

H. The part precipitated by the phlogiftkated alkaly, when 
mixed with nitre and borax, and fluxed by a blow-pipe upon 
charcoal, formed a black glafs; upon flint-glafs, a white; and 
upon a tobacco-pipe an opaque yellowiflt white one. 

2, Another portion melted with ioap and borax in a crucible, 
formed a black glafs, but without any metallic appearance. 

L The inibluble refiduum (A.) was boiled in water, the 
water decanted, and mild fixed alkaly added, but without any 
fub&quent precipitation. 

3. This inioluhle powder was not attacked by the nitrous or 
marine acids; but being put into vitriolic acid, and boiled a 
confiderable time until the acid became highly concentrated, it 
diflolved entirely, and (eparated again upon the addition of wa¬ 
ter. It will appear in the fequel, that the fame thing happens 
to marmor metallicum, when diflolved by boiling in the pcid 
of vitriol. 


R r 
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CONCllIHOKi 

llcace it appears, that 100 parts of this fpar contain 
Terra ponderofa par a • ^8,6 

Marmor metallicutn - ,6 

Fixed air *> 20,8 

ioo- 


0 B S £ R V A TICKS. 

rft, The quantity of mild fixed alkaly neceflary to faturate 
an acid, previoufly united to the terra ponderofa, contains more 
fixed air than is neceflary to faturate that quantity of terra pon¬ 
derofa Eh i. 2. 

adly. The terra ponderofa, when precipitated from an acid 
by means of a mild fixed ajkaly (D. i. 2.), readily burns to 
lime; and this lime-water proves a very nice teft of the pre¬ 
fence of vitriolic acid. E. 2. 3. 

3dly, It is very remarkable, that the terra ponderofa fpar, 
m jts native ftate, will not bum to Kme. hi the ibwer degrees 
of heat it fuffers no change, as was before obferved, befides 
the lqfe of its tranfparency. When urged with a ftrohger fire, 
it melts and unites to the crucible, but does ndt become cauftic.' 

I buried it in charcoal-dufl: in a covered crutible, And then 
esfpofed it to a pretty ftrong heat f but k did hex part With its 
air. 


May we not conje&ure, then, that as caufHc lime cannot 
unite to fixed air without the intervention of moifture; "and as 




,': *“■ 1 Ui the Terii Pondwefa, See. * 

U tlie want ®f water which prevents the fixed air affuming its 
elaftlc aerial date ? This fuppofitioa becomes dill more proba¬ 
ble, if We obferve that when the folution of the fpar in an 
acid is precipitated by a mild alltaly, C. t. a. fome water en ¬ 
ters into the compofition of the precipitate, for it Weighs the 
fame as before if was diflolved, and yet contains only a ©ounce 
meafures of fixed air, whilft the native Ipar contained 25 ounce 
meafures; fo that there is an addition of weight equal to that 
of 5 ounce meafures of fixable air, or 3} grains to be accounted 
for, which can onlyarife from the water; and this precipitate, 
thus united to water, readily lofes its aerial acid in the fire, 
E. 1. ‘ 

4thly, Profeflor Bergman fuppofes the terra ponderbfa to 
be a metallic earth*; its entire feparation from an acid by 
means of the phlogifticated alkaly (D. 5.) certainly favours 
fuch a fuppofition; but, if it be fo, it is evident from experi¬ 
ments H. 1, 2. that other means than thofe commonly em¬ 
ployed mul beufed to effe& its redu&ion. 

5thly, The precipitate made by the caullic vegetable alkaly 
D. 4. taking fome of the alkaly down with it, and tbiis form¬ 
ing a fubftance neither foluble in water nor in adds, is a very 
curious phenomenon. 

I afterwards varied the experiment by adding the terra pon- 
derofa lime-water (E.) to cauftic vegetable and cauflic foflit 
alkaly. In both Cafes this infoluble compound was imme¬ 
diately formed ; but not fo when cauftic volatile alkaly was tried. 
This rompdfition of an alkaly and an earth certainly deferves 
more attention than I am at pfofent able to beftow upon it. 

6thly, As it appears from cjpwiments D. 1.2. 3.4. that 

* See preface ta His Sciagrstphia Regni Mineral*** 

R r 2 fixed 
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fixed alkalies, both mild and cauflac, feparated the terra ponderofit 
from marine acid, I was at a lofs to know why Profeffor Bero- 
MAtf,in his a<kni,eable table of Ample elective attra&iona, 
placed.the terra pouderofa cauftica immediately under the vi¬ 
triolic, nitrous, and marine acids, and confequently above the 
fiauftic alkalies. , I was- interefted m the reality of the fafts, 
hecauie ,1 had fo feldom feen re a ion to doubt the observations of 
that very excellent chemift, and therefore made the following 
experiments.. 

To different portion* of terra ponderofo falita and terra poi> 
derpfa nitrata I added, drop by drop, cauftic vegetable, cauftic 
foffil, and cauffic volatile alkalies. In every cafe the earth 
.was thrown down ; and. I have fo often; repeated thefe experi¬ 
ments to fatisfy myfelf and others, that I am perfuaded the 
terra pondererfa cauftica ought to be placed below the alkalies, 
except in the column appropriated to the vitriolic acid ; and it 
may be feparated even from, that acid, by the vegetable fixed 
alkaly, if the alkaly be appliqdW/cttf,, as will* appear in the 
next fedion..,, .. , - f 

, ythly. The neceffity for ufing pure ^cids upon, many occa¬ 
sions,, arid the difficulty, p£. obtaining them pure, are fufficiently 
obvious. The vitriolic acid, as made in the large way,,,it 
gpqfJ^lly pure enough for- molt purpofes. fe is apt to get co- 
looped.by inflammable matter j but this ia fejdom an mcouypr 
nieucp ? f .and* when it would be fo, it is eafy tqdriye it off by 
boiling ,|I^ acid in a Florence flafkavety common t fire. But 
there is apf$b?c caqfe, of impppty; in this acid,, vphich appears 
upon dilqtbig^r^il; water ; for, then it becofnqf; raMby* and 


About two* yean ago 
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l ' imined this powdery matter i both that which wa* 
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•Hie acid may be freed from, this powder either by diffiliar 
tion :’m glafs veflels, which is a, tedious and dangerous procefs, 
or by the affufion of water; and, after the powder has lubfuled, 
a gentle evaporation will drive off rnoft of the fuperfluous 
water., 

Nitrous acid may be freed from vitriolic and marine acids,, 
by folution of filver in the acid of nitre, as is daily pra&iled; 
but the marine acid has not, to my knowledge, been puri¬ 
fied; by any other method than the laborious one of re-diftiiling 
it from common fait. It is generally mixed with vitriolic acid, 
and often in large proportion. There is no temptation, and 
fcarcely an opportunity, for it to be contaminated, by nitrous 
acid. From the vitriolic acid then it may be readily purified by 
the addition of terra ponderofa cauftica diflolved in water, or 
by the terra ponderofa falita. If the latter be ufed, a final! 

thrown down by dilution with water, and alfo fome which Dr. Uris.sti.ey gave 
roe, being the refiduum of vitriolic acid diilillcd to dryneis in a flint-giafs retort, 
jft,. Repeated boiling in water, reduced 6 i grains to 2 grains, 
adly, This fohition, by gentle evaporation, afforded 5 grains of cryftals, as 
hard and as tallelefs as felenite. 

jdly, To thefe cryftals, re-diffolved in water, mild, foffil alkaly was added, and 
a white powder precipitated. 

, 4thly,drb« powder, after expofure to a pretty ftftrp heat, was thrown into 
water; part of it diffolved, and. the water got the tafte and other properties of 


lime-water. 

5.thly, The kifoluble part (t.) fnffered no change by boiling in nitrous acid ; 
one-half of it mixed with, borax, and expofed to the blow-pipe upon charcoal* 
vitrified; the other half, mixed with borax and charcoal-duft, likewife vitrified. 

, Conclusions. It appears, then, that the greater part of this fubftance was 
talx vitriolata, or.felenite; the remainder a v'ttrifi'able earth. 

' j had before found, that the terra ponderotfa vitnolata, or heavy gjrpfixn, would 
diflotve in concentrated vitriolic acid.} but always fepafated in * pfowdety f«wm 
upon the affufion of water j.. and now it appears, that calx vitiiolata, or felenite. 


docs the fame* 


portion* 
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whence we rauft Judge how much of the term ponderofa falita 
the whole will require} or elfe the whole of the acid muft bo 
dilated with water. Whether we ufe the terra ponderofa difi* 
iolved in water or in marine acid j in either cafe the acid of 
vitriol immediately feizes upon it, and fubfidea with it in form 
of an infoluble powder. 

As there are reafons for preferring the marine acid in feveral 
of the nicer and more important enquiries of chemiflry, this 
ready method of purifying it cannot kit prove acceptable. 


the add muft firft he tried in a 
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SECTION '’It 

Terra, ponderofa vitriolata, Bergman’s Sciagraphia, 
§§ 5 8 - 8 9 * 

Variety , Heavy Gypfum. Ponderous Spar; 

Manner Metailicum. Cronstedt Min. § 18. a. 

19. C. 

From Kilpatrick-hills near Glafgow. A fort, with fmaller 
cryflah, amongft the iron ore about Kedey in Shropflwe. In 
theleadmmes at Alfton-Moor. 

p More obvious Properties. 

‘White; nearly tranfparent, but has not the property of dou¬ 
ble refra&km 4 oompofed of laminae of rhomboidal cryfials; de¬ 
crepitates in the lire. Specific gravity from 4,402 to 4,440. 
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A. ioo grains expofed to a red heat for one hour? In a bladc 

lead crucible, loft five grains In weighe r but as a fulphureous 
fmell Was perceptible, I fufpe&ed that a* deeompofition had 
taken place, and therefore expofed another portion te a fimilar 
heat for the lame fpace of time in a tobacco-pipe. This had 
no fmell of fulphur, nor was it diminifhed in weight. 

2. It is barely fufibfe under the hlow-pipe but'with borax, 
fluxes readily into a white opake glafs. 

B. ioo grains, ground in a mortal*, and walhed over ex¬ 
tremely fine by repeated additions of water, were bulled in the 
feme water,.and, after fettling, the water was poured off. The 
powder,, when dried, had not fenfibly loft weight. 

2. To feparate portions of the waffling water, were added 
mild vegetable and mild foffil alkaly; but without any appear¬ 
ance of precipitation. Nitre of mercury gavea afery flight 
brownilh cloud, barely dHcemibleaid nitre of fflver an ex¬ 
tremely flight bluHh appearance. < 

3. The feme powder, boiled again in freflv water, did not 
affbft the water at all; for it ftood the teft of nitre of filver 
without any change. 

C. Portions of the powder B. were boiled in vitriolic, ni¬ 

trous, and muriatic acids, of the ofual ftrength, for feveral 
minutes.' The acids were then fette^ated With vegetable fixed? 
alkaly, but without any appearance of precipitation, nor Had 
the portions of powdfet loft any Weight. ' ' • 

2. But when! boit^in vitirblrd^id, until that atfid^becallr 
very much ctmcentiatdd :: and heatly red-hot, the whbfe of 'll 
diflolved; but, feparated again upon the addition of water,! was 
1 a i not. 
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not altered in its weight, was uot a&ed upon by acids of tfie 
^aljftuength, and had, under the bjow-pipe, the properties 
Wfrtionod irt A. a. 

t'y 3. Some of die fetation in the concentrated vitriolic acid 
was left ex’poi'ed to the atmosphere, that the acid might {lowly 
attend water. After fome days, beautiful cryftals appeared in 
the dupes of ftars, fafebe, aud other radiated forms. 

4. To another portion of this folution mild fixed vegetable 
alkaly was added; but the precipitate appeared to be the mar- 
mor metallicum unchanged. 

, D. One ounce pf this raarmor metallicum in fine powder 
was fluxed i* a crucible with two ounces of fait of tartar, un¬ 
til if ran thin. This fubftance, boiled with water in a Flo¬ 
rence flafk, left a refiduum of fix drams. 

* E. This refiduum was thrown into water, and pure nitrous 
acid added, until there was no more effervefcence. The un- 
ijiflplved part Weighed 52 grains. 

F. Tins undiflblved gjfrt appeared to be the original fuh- 
ftance no ways changed; for it did not diflolve in nitrous or 
marine acids, but did wholly diflolve in the greatly concen- 



. G. The-folution D. was faturated with diftflled vinegar, and 
than evaporated to drynefs* but with lefs than a boiling heat. 
The fal diureticus, thus formed, was wafhed away with alco¬ 
hol. The, remaining fait weighed 5 drams nearly. 

a. This fait had the appearance and the tafte of vitriolated 
t 0 ar; it x^ctepitated in the. fire; roafted with charcoal-duft, it 
formed a hep** fulphuris; and with muria calcarea gave a 
-precipitation of felenite. 

' u. 5 
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H. The fait, formed with the nitrous acid (E), foot readily 
into beautiful permanent cryftals, of a rough bitterifh tafte. 

a. Some of this fait was deflagrated with nitre and charcoal, 
and the alkaly afterwards wafhed away. 

3. The refiduum, being the earth of the marmor metalli- 
cum, was very white, burnt to lime, and again formed an iii- 
folUble compound with acid of vitriol. 

I. 100 grains of terra ponderofa aerata were diffolved in di¬ 
luted marine acid. Vitriolic acid was dropped into this folu- 
tiori, until no more precipitation enfued. The precipitate, after 
very careful wafhing and drying, was eapofod to a red heat in 
a covered tobacco-pipe for half an hour: when cool, it 
weighed 117 grains* 

2. 50 grains of terra ponderofa aerata in a lump were put 
into diluted vitriolic acid j but the aftion of the acid upon it 
was hardly fenfible, ; even when made hot. 

Marine acid Was then added, and after feme time an effer- 
vefeence appeared. The terra ponderofa vkriotata,vthu6 formed, 
after proper washing and drying, Was exposed td a red heat for 
on hour: it then weighed 58,4 grains. 

conclusions. 

1 ft, It appears that the marmor metallicum is cofflpofed of 
vitriolic acid and terra ponderofa, D. E. F. G. H. 

2cfty, That this compound-, though probably foluble in wa¬ 
ter, has fo little folubility as afrnoft to efcape deteftion by the 
nfceft'chemical tefts, B. t. 2. 3. 

3<!ly, That it is not foluble hi adds of the ufu.il fttength I 
but that k perfefS^ and entirely diffolves in highly coifCtin- 
Vol.LXXIV* S f traced 
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trated vitriolic acid, from which it again feparates entire and 
unchanged upon the affufion of water, C. 1.2. 

, 4thly, That it cannot be decompofed (via humida ) by mild, 
fixed aikaly, C. 4. 

■ fthly, That it may be decompofed (via Jicca) by the vege¬ 
table fixed aikaly, D. E. G, H. 

6thly, That it may be decompofed by inflammable matter,, 
uniting to its acid, and forming fulphur; but that it cannot be 
decompofed by heat alone, A. 1. 

ythly. From experiments I. 1. 2. it appears, that 100. parts: 
of this fubftance contain 
, Vitriolic acid pure - 32,8 

Terra ponderofa pure 67,2 

100 

For the 100 parts of terra ponderofa aerata made ufe of in the. 
experiment L 1. would lofe during the folution 20,8 of fixed 
air (§ ift, A.) ; then, deducting 0,6 for the marmor metallic 
cum. contained in the terra ponderofa aerata (§ ift. A. 1. 2.), 
there remains 78,6 of pure terra ponderofa.. This, when fa- 
turated with vitriolic acid, and made perfectly dry, weighed 
1.17; confequently it had taken 38,4 of vitriolic acid. 

OBSERVATIONS. 

The apparent infolnbility of terra ponderofa aerata in. the 
diluted vitriolic acid (I. 2.) can be accounted for by remarking, 
that the moment the furface of the lump was afted upon by 
the acid, an infoluble coat of marmor metallicum was formed 
upon it, which effectually precluded any further operation.of 
the acid. 


Frofeflor 
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Profeflor Bergman, in order to obtain the earth from the 
terra ponderofa vitriolata, direfts the latter to be roafted with 
fixed alkaly, and the dull; of charcoal; but I have always done 
it by charcoal dull alone, though probably this method may 
require a greater degree of heat. 

It has been remarked, that terra ponderofa and calx of lead 
refemble each other in many refpe&s; and I rauft add, that the 
vitriol of lead diflolves in the highly concentrated vitriolic acid 
much in the fame manner that the marmor metallicum does, 
and like this too feparates upon the affufion of water; but I 
never obferved it difpofed to cryftallize. 

The marmor metallicum may probably be ufeful in fome 
cafes where a powerful flux is wanted; for I once mixed fome 
of it with the .black flux, and expofing it to a pretty fharp heat, 
it entirely ran through the crucible. May not, therefore, fome 
of the more common varieties of it be uftd advantageoufly as 
a flux to fome of the more refradlory metallic ores ? 

SECTION m. 

Terra ponderofa Vitriolata. 

Variety , Calk or Cauk. 

Marmor Metallicum, Cronstedt Min. § 18. B ? 

Plentiful in the Mines in Derbyfhire. 

More obvious Properties . 

Of a white or reddifh colour; cryftallized in rhomboidal 
laminae , but thefe very much intermixed and coufufed. Loles 

S f 2 little 
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little ear nothing of its weight by being made red-hot. Specific 
gravity 4,33®. - 


EXPERIMENTS. 

A- Ground in a mortar, and wafhed over, the wafhing wa¬ 
ter, when decanted, gave no precipitation with mild vegetable 
alkaly; but with nitre of iilver and nitre of mercury the 
flighted cloud imaginable. 

B. i oo graius boiled in marine acid weighed, after proper 

wafhing and drying, 99,5. . 

C. The acid folution B let fall a Pruffian blue upon the ad¬ 
dition of a fmgle drop of phlogifticated fixed alkaly; and, 
when faturated with mild foffil alkaly, afforded an ochry-co- 
loured precipitate. 

D. This precipitate, collected and wafhed, weighed half a 
grain. It was roaffed with tallow, and then was wholly at¬ 
tracted by a magnet. 

E. A quantity of the cauk, finely powdered, was mixed 
with charcoal-duff, and roafted in a crucible at a white heat, 
for five hours, frefh charcoal-duff being occafionally added. It 
gave out a ftrong fmell of fulphur. 

F. To this roafted cauk nitrous acid was added, which dif- 

0 

folved the greater part of it; producing, during the folution, 
fome effefvefemce, and a ftrong fmell of hep** fulphuris. 

G. Some of this folution, after proper evaporation, afforded 
beautiful cryftals, not deliquefeent, exactly refembling thofe 
obtained from the marmor metallicum, (§ II. H.). 

H. to other portions of the folution F, were added fixed 
vegetable and, foflil allies, and likewife volatile alkaly, eaph 
of which precipitated the earth from tfie add- 
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1 . This earth, after expofure to a white heat for one hour, 
became cauftic, and made lime-water, fimilar in properties to 
to that mentioned at § Ift. E. 

K. Some of the part not a£ted upon by the nitrous acid F, 
diffolved entirely by boiling in highly concentrated vitriolic 
acid, and wholly feparated again by the affufion of water. More 
water was added, and the whole was boiled again ; but the fil¬ 
tered liquor gave no figns of precipitation upon the molt liberal, 
addition of mild fixed vegetable alkaly. 

CONCLUSIONS. 

It appears, therefore, that 100 parts of Derbylhire cauk. 
contain * >' 

Marmor metallicum - 99,5 

Calciform iron - - ,5 

too 

And it is probable, that the redder pieces contain a little more 
iron. 

* 

SECTION IV. 

Terra ponderofa vitriol ata. 

Variety , radiated Cauk. 

Gypfum cryftallifatura capillare. Cronstedt Mio. 
§ 19. B. 

FtoWl, Penney by, the Bog, near Mjnfterley, in Shropihire, 
fifteen oodles fitooa Salop, on the road to Montgomery. . 

More 



3 io Dr. Withering’s Experiments and Qb/ervatiom 
More obvious Properties. 

Somewhat glofly like fatin ; ycllowifh-white, opake; com- 
pofed of {lender fpiculae fet clofe together, and pointing from a 
center. 

In fome pieces there are concentric circles of a femi-tranfpa- 
rent horn like appearance. It is not veiy brittle; may be 
Ihaved with a knife; lofes little or nothing of its weight by 
being made red-hot. Its fpecific gravity 4,000 ; but after 
foaking one night in the water 4,200, or more. 

experiments. 

When treated in the fame mannfer that the Derbyfhire cauk 
•was, in the preceding fe&ionj ioo parts of* it appeared to 
contain 

Marmor metallicum 97»7 

Cakiform iron - - 2,3 

100 

Sufpe&ing that the prefence of fo fmall a proportion of iron 
could hardly occafion the whole'of - the apparent differences be¬ 
twixt the Shroplhire and Derbyshire cauks and the marmor 
metallicum; and thinking it not improbable, that they might 
contain lead; I mixed fome of them with charcoal-duft and 
borax, but'Could not by means of the blow-pipe produce any me¬ 
tallic appearance, although vitriol of lead, treated in the fame 
manner, was readily, reduced. 

I then mixed four parts of cauk with one part of vitriol of 
lead; the lead could Hill be reduced, though not lb readily as 
before. 


general 



on the Terra Ponderofa, &c. 
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GENERAL OBSERVATIONS, 

■ The terra ponderofa feems to claim a place betwixt the earths 
and the metallic calces. Like, the former, it. cannot be made 
to afl’ume a metallic formbut, like the latter, it may be pre¬ 
cipitated from au acid, by means of phlogifticated alkaly. In 
many of its properties it much refembles the calx of lead; 
and in others, the common calcareous earth, but ftill feems 
fufficiently different from that to conflitute a new genus, as will 
appear from a little attention to the following circumftances. 

Terra ponderofa. Terra calcarea. 

When diffolved in water, preci- Diffolved in water, does not 
pitates upon the addition of precipitate upon the addi- 
the fmalleft portion of vi- tion of vitriolic acid, 
triolic acid; 

Its gypfum, therefore, is in- Its gypfum, therefore, is fo- 
foluble. luble. 

With the nitrous and marine With nitrous and marine acids 
acid, forms cryftals which forms falts fo deliquefcent 

do not deliquefce. that they cannot be kept in 

a cryftallized form. 

Decompofes vitriolic falts via Does not decompofe vitriolic 
humtda. falts. 

It has been called terra ponderofa, or heavy earth, upon 
account of the great fpecific gravity of jts gypfum; its fpar 
is likewife heavy enough to countenance fuch an appellation ; 
but the earth itfelf does not appear to be a heavy fubftance, 
and I imagine the great weight of its compounds with the 
Vitriolic and aerial acids is owing to the abfence of water, 

Birmingham, Noy. 1785. 
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XXIV. Obfervations du Paflagt de Mercure far it J Difjue du 
Soleil It 12 Novembre , 1782, fa tics & /* Obfervatoire Royal de 
Paris, avec des reflexions far un ejf'et quifefait jentir dans tes 
inemes Obfervations femblable d celui dune Rifradtion dans 
VAtmojphere de Mercure. Par Johann Wilhelm Wallot, 
Membre de /’ Acadimie Electorate de Sciences et Belles Lettres 
de Man lie im, &c. Communicated by Jofeph Plaata, Efq. 
Sec . R. S, 


Read April 29, 1784. 

I. X ES paflages de Mercure fur le difque du foleil font d’au- 
JL J tant plus intereflans pour les aftronomes, qu’ils don* 
nent principalement le naoyen do determiner avec plus d’exafiti- 
tude la politico des nceuds de ibn orbate, et que la difficulte do 
voir cette planete dans fes autres afpe&s avec le foleil en rend 
les obfervations plus precieufes. 

2. Deux circonftances aflez d^favantagcufes qui devaient ac- 
compagner particuliierement le paflage dont il s’agit ici, {avoir 
la proximity du foleil de riaorizon, et Mercure paflant trop pres 
du bord de cet a lire, femblaient par leur nature offrir trop d*in- 
conveuiens pour en efperer des obfervations bien exaftes; 
cependant l’encouragement qu’a donne le beau terns qu’il fit 
toute lajournee du 12 Novembre, nous ayant fait apporter une 
plus grande attention aux obfervations, nous autorife main* 
tenant a en avoir une meilleure opinion. Je crois pouvoir 
affurer fans oftentation d’y avoir reuffi aflez pour £tre fatisfait 
des miennes, et pour ofer les garantir autant que la nature des 
2 chofea 



chafes ;peut M pdtfraetre. t i »p«Ss : «fe fta&tfr d’avbit b&telm 

de ce 'pabagc^ tmei ob&rv^M^ti i ttig exa&e et • peut^trc H ptuf 
Comptettt, j» nediffim literal pat qua jd dois,en grande partie 
tat svimtage & M. db Cdstiyi qui, m'sfyantlaiflBla meillewrelu-* 
nette ♦ qo’ifc fait d I’ObferVateire Royal, frfavait piis par la daft*- 
1* -cas d’employer la plus grande vigikftCe>peUr merited par 
r-e^aftitu'de de met operations la confiance qfeoh me t£oadignait 
dans une occatknv auffi Importance. ^ 1 *’ 

•3. ,Nous avqns fait (A 4 . de Cassini et tnoi) routes les 'dbfer- 
vations n&reffaires pour conftater avec la plus grande exa&itude 
letat de notre pendule; et, en r£duifant mes obfervations *au 
terns vrai, je n*ai pas meme neglige les dixiemes de feconde. 
Cette precifion fcrupuleufe paraitra peut-Atre fuperflue dans de 
pareilles obfervations, imis On verra par la fuite de ce Merftoire 
les raifons qui m’y ont determine. Void mes obfervations 
dans le meme ordre ou el les le font faites, et redukes au terns 
vrai de la meridiemie-de l’Obfervatoire Royal de Paris* 

Ttfms vrai. 

h. ' " , 

"4 2 56 a8,8 Je foup^onne la pbmfcte. Coniaftexterkur de l^ntrce* 

4 ft 58 a8,8 J’eflime Mcreure 4 ifcoitie. Centre Me jf far k 

E»tr^c « bore} du 0» 

it 3 2 3,8 Cental int^rteur de l'entree. 

.4 j 3 45,d M^rcare abfolamcnt d^tache du *deB# ' 

. En ntefurant le diametre de Mercure fur le 

difque du foleil je 1'ax trouv£ par deux fois 

ex axemen t de la m&ne quantite, favoit 

de 9 parties du micrometre objedif, qtii 

valent 9^,535 de degres du grand cercle. 

! M 17 i 8#4 Contaft interieur de la fortie. 

4 4 ftO 36,4 Le centre de Mercure fnj* le bold du foleil. 

4 4 2a 53,4 Contact extenturdc la fortie# Mercurt totalemetit perdu 
* de m. 

, * Une e*celle»tc lunette achromatiqtrc de VotvotfD de 3 pteds* * 

Vop. LXXIV. T t Le 


ft* t Q&fervatioHi dk de Mwetaft 

' 7 , 4 #:<Mir 4 a foleii etait fi ondoyant queMercure, tu* ap» 
protest de fa fortie totals, reffembUit exa&ement k im corps 
iloftant fur les vagues d’une cau fortemeut agifoe, et qui tantdt 
dtfparait enticement, tantdt clevd par lei vague* ie moatre m 
Uli^e et quelquefoiU toot entier. Ces vagucs oti ondulations 
aliaieat toujours dans le meme (ess da N* Oucft au Sud E(L 
JLeur BKXJvemcut etait affez rapide, et c’eft piecifoment la rapi«- 
dite de ce mouvement qui m’a fingulierement favorHe Tobferva- 
tion du contact exterieur de la fortie de Mercure, parceqwe je ne 
foperdais- jamais de vue qu’twi mftaut. 

, Je terminerai Je detail de me* observations par adorer, que je 
nai pas apper^u la moindre apparence d’uac atmofphene ou> 
nebulofifo autour de Mercure pendant touts te dur£e de fon> 
paflage, quoique la lunette me reprefentit teas lea afcjets. 
tres diftin&etnent. J’aj toujours- vu le dUque de Mercure biem 
n$>ir»et egalement bien termiue dans to ate &•eircouierence qui' 
me p3x<dffaktoujours tranche* netted fortoutdaus le comroeu- 
eemeut od kfronduiations etaient aaoins fortes-jufques vers- le 
milieu du paffage. Mais cela ne mfempechera pas d’etre tres 
peritiade de I’exiftence d’une atmofphere autour de Mercure, 
eorome autour de tous les corps celeftes, et qu’on peut fort bien 
ravoir apper$ue dans ce pafiage ibus un ciel plus pur et plus 
beauque ceiui de Paris- . 


Rifdtat*- du calitd des obfir vat tons predientes felon, lean dif¬ 
ferences combmaifons . 

4. La methods que j ai fuivie pour rChiire lfes obfervations , 
de ce paffage au centre de la tarre, m’eft en quelque forte par- 
ticuliere; mais comxne elle n’cft pas entitlement nouvelle puif- 

■ i ! qu’elle 


|;g $ ■ 

qukJk ne dSfere de route* tes tn e t h o de s connues qu’etr ce que 
je :M fimfdifi&a , eti U rendant abfolument dire&e, je me con* 
tenterai d’en donncr une idee generate. Je tfas employ^ dank 
mes calevds quece qui eft donne dire&eraent par obfervation, 
oubiendes qtiantites pius exiftemertt donn£es par les tables, 
telles que le diath&tre dd foleil, foil moovement horaireet eeiut 
de'Mercure. Mais cequi car afte rife eflentksHement cettfe me*-- 
thode* e’eft qu ? en combit jattt lesobfervations toujours erriemble 
deux a deux; on a ladareeoulfetems ecoule d’une obfervation 
a 1’autre qui eft une des principalis ddnnees du probleme, et : la. 
plusinca&e qukh puifie fe procurer par obfervation. Or, quand 
l obfervation nous' foornit dire&ement des donndes exadtes, je ne 
voifi abfolument pas la neceftite d’en aller chercher de moins 
exa&es pour les faire eutrer dans le calcul. C’eft pourtant ce 
que font quelques aftronomes modernes*, qui, en recommen- 
dant dans leur Traite d’Aftronomie de calculer les obfervation e 
feparement afin, difent-ils, de multiplier les refuftats et d'en 
deduiro plus exattement par tin milieu la quantite qu’on- 
cherche, font obliges pour cet eflet de fuppofer apeu pres 
connu le milieu du paflage et la plus court* diftance des cen¬ 
tres+. Ce raifonnement, aufli eloigne des principes de la geo¬ 
metric, que des regies de l'analyfe, tde parait encore iilufoire 
quant a l’exa&itude qu’on efperc obteuir de la multiplicite des 
i^fultats ainfi determinis; void pourquoi. . 4 

5. Je fuppofe pour un inftant qu’on prentte au hazard deuxi 
obfervation», et qu’on les cajkule feparement chacun fu&anteei 
pr&repte; j| eft certain que ft 1’on ne fuppofe pas k tntlinb da! 
paflage et la plus courte diftance des centres tels que le*.doa*» 

■itnt too TrutS S’AftroMmie, 

■ ; 1 Vi •/ . *1ii 

t 2 neraient 


Prioejp»lein«pt Jf VJ Da m Lands 
*771, IWreXI. art. a«a*V‘' 

‘4> Ibid. irt. abffa « *'*!' : 
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fans courir ee dW* 
gor,.il c&,iaoonlcAablft q*w celle-oi ell preferable 4 l’antit. 
Lorfqu’on ne peat avoir que; dcs obfervations ifol^es, il faue 
bien alors le itfoudre k fescalCuler feparement, mais encore 
atfec iareftfi£tibu que les quantites qu’on fappofera connues 
foientdonnees pap d’aotces. obfervations, qui dtant dans le cas 
d’etre combinies deux k deujc, loient elle«»m£tnes trdsexactes. 
II eftdoncaife de coaclure de tout ce que je viens de dire que 
la naaoiere de caiculer feparhaaent* chaqueobfervation, non 
feulement ne procure pas les a vantages qu’on en attend pour la 
mukipiicite des refultats, mais elle eft encore mains cxa£te que 
celle de combiner deux & deux les obfervations, ainfi que l’en- 
leigoentlesplu* celebres aftrbnomes. Je ne me fuis perm is 
deritrer dans oes details : que pour prouver a la Soci6te Royale 
quejeoe me fore jamais avec coufiaftce d’aucune methode fans 
l’avoir examinee aupacavant en ia crea«k pour ainti dire, une 
leconde foisi. 'bb .? : 

6.,J*ai calculi le lieudu foleil et de Mercure par les tables de 
Hjuulby pour 2 i h. 3* hi et 4! h. efpace de terns qut com- 
prend k peu pres par foa milieu toute 4 a duree du paflage, et 
j’ai trouvd. 



JLa longitude du foleil de 

Son afeenfion droite 

Sa declroaifon * - nuftraie 
Lalongit. gfocentrtquede Mercure 
Sa latitude * «. • boreale 

iah^o'terns vrai 

1 3 h. 30' t. v. 

& 4 h. 30' t f v # 

s. 0 ' " 

7 20 22 43,6 
7 l 7 SS SS .3 
*7 S 1 49 » b 
7 *0 3* 2.9 
0 14 31,0 

5 . h. ' " 

7 ao as 14.8 
7 17 58 28,4 

17 S* 2 9>9 

7 20 28 40,8 
0 15 22,6 

4- 0 / // 

7 20 27 45,9 

7 18 1 i,S 

17 S 3 w »* 

7 20 25 18,4 
0 ib 13,8 

Ce qui me dotine 

entre2£h.et3{h 

entrc3|h.et4jb 

4 

mouvem bora ire relarif Merc. fur Pecliptique de 
LHuclinaifon de I’orbtte relative fur l^cliptique de 
Lt^moturtm. hontire retetif de Merc, daas foaorbite 

> 

0 / // 

S 33 . 3 

8 18 33, b 

S S 7»°5 1 

0 t n 

» 4 a i 

5. S 7 »i 9 



Je me fuis fervi de i’iacUnaifo& et jda aaodvdment Iterated 
qui ayatjt item eutrc h. et 3! lu dans lecalculdes obfemtimw 
du commencement, et l’ineUnaifon bvw k mouvement bonfire 
quwait lieu entre 3i,h. et 4.1 h.m’a fervi pour la fin du paf* 
iagc., Quant aux autres elemeuE, j’ai employe le diametre du 
fatpil diB 32' »4"»5 i celui de Mercure de 9",535 comme je 
1’ai mefure fur le difque du faleilperidaut le paflage, et la pa* 
raltaxe horizontale du foleil dans fes moyennes diftances de 
8' ,7 telle que je l’ai etablie dans itnon Menaoire fur le pafiage 
de Venus en 1769. D’ou j’ai conclu la difSrencedes paral¬ 
laxes horizon tales du foleil et de Mcrcure pour le jour du paf* 
fage la Novembre de V',088. 

7. Avec ces elements j’ai calcule les observations des con* 
tacts, en ne negligeant pas meme les milliemes de feconde dans 
certains cas; je n’ai mis cette fcrupuleufe exactitude dans tous 
mes calculs que pareeque je voulais m’affurcr dans le cas ou je 
viendrais a trouver dcs differences entre les refultata de m£me 
denomination que je n’eufle k les attribuer uniquement qu’aux 
obfervations. La table fuivante renterme les refultats les plus 
importans de ces calculs. 


Table 


•IT 


f0M.J.mWAUoti 

, ,? 
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T»M* del rfcfultats du calcul det obfervations des contains et 
du centre de Mercure. 




JBSEiiM 

Vimffirari 

Hcure vrakdc PoWemtion j 

Durre donn£t dite&ement par 1 ’obC 
Plus courte diilance de* centres vuc \ 
a. la furface da la' terre J 

h. ' " 

3 * 3 *® 

4 n ft* 4 

1 IS * 4 . 6 

IS 4 *» 2 

k ,' " 

2 56 18) 8 

4 22 S 3 . 4 

1 16 24, 6 

<5 42 . S 

k' " 

* 58 *8,8 

4 20 36,4 
i aa 7,6 

15 4**0 

Heure vraie du milieu du paflagc l 
pour le centre de la terfe J 

3 39 47 . 4 

3 39 47 . * 

"■ ■ 1 lTr - 

3 39 38.7 

Plus cmufc diftaucc des centres 1 

»S 45 > 1 

iS 46, 4 

IS 44.9 

v tie du centre de la terre J 

Reduction dt Pobfemtion f entree 

+ * 59.45 

+ 2 34,.$ 

4 2 42,9 

au centre de la terre 1 forric 

- 2 46.70 

— 2 22,27 

- a 3°.7 

Heure vr* de Pobfervation f entree 

3 5 3 > 2 S 

a 59 3 >*i 

3 1 *i .7 

arrtvee pour le centre & 1 fortie 

4 14 3 *’70 

4 20 

4 18 S .7 

Durce du paffage pour le centre j 
de la terre J 

i 9 * 8,45 

I 21 28,02 

1 16 S 4 ,o 

Heure vraie de la conjunction de 1 


4 2 54 . 8 

4 2 44,1 

Mercure et du foleil J 

4 a S 3 . 2 

Latitude de g en conjomition don- ] 

g o. -/ 

s ° / » 

^ 0 / n 

n£e par Obfervation J 

*5 SS.I 

is 36.4 

ij 54 . 8 ! 

Longitude du foleil ou de Mer *) 

7 20 26 37,2* 

cure en conjon&ion j 

7 20 26 37,6 

7 20 26 37,7 

Longitude de Mercure en coitjonc-*! 




lion don nee par les tables cu * 

7 20 27 8,4 

7 20 27 8,3 

7 20 27 8,9. 

egard a Paberration j 

Latitude dc Jf en <$ donnee par les 1 

tables - * • boiealc J 

»S 50.7 

IS 5°>7 

*5 S°»S' 

Erreur del table. |°T' ude 

-30,8 

-30.6 

' -31.7. 

l en latitude 

+ 4.4 

+ 5.7 l 

+ 4.4 


En adoptant la latitude de J au moment dc la d donnee par les contacts imerieurt dc i $ 55", 1 
je trouve le f 0 ' " 0 ' " 

lieu du & 4 1 15 45 22y8 en luppofant Pindinaifpn de Pdibtte J o oavec M. Cassini.! 

de a i 1 15 44 55)7 en fuppofant PincHnaifon de Porbite 6 59 aoavec Hau.i*y, 

8. iL’ou 


3 
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8. L’on voit par cette table que he o6nt#&* fot^rieur# daft* 
nenf I’heure du milieu du paffage? % ^e.fecon^rii 

la ra&ne que les conta&s exterfeurg; rheure de la conjon&ion 
it i",6 pres la me me *, et la plus courte diftance des centres 
aiaflqsjc la latitude de Mercure en conjon&ioij de i",3 plus pe- 
tft& truant aux deux obfervations du centre de Mercure fur leg 
bqrds du foleil, ellesdonnent le milieu du paflage de 8",7 plu- 
t6t ( que les contacts interieiirs, et la plus coutte diftance des 
centres ainfi que la latitude de Mercure en conjondtton de a 
dixiemes de feconde feulement plus petite. Cette difference 
dans I’heure du milieu du paffage ne peut venir que de la ma¬ 
il iere dont j’ai eftime le centre de Mercure; car il y a d’abord 
feconde pour feconde le meme intervalle de terns entre les deux 
contains de l’entree qu’entre ceux de la fortie, c’eft k dire l’un et 
l’autre de 5' 35''. Enfuite je trouve qu’il s’ctait 6coul6 %' o" 
depuis le contact exterieur de l’entree jufqu’au moment o& j’ai 
eftime le centre de Mercure fur le bord du foleil, au lieu de 
a' 17" qu’il y a entre les pareilles obfervations de la fortie; mais 
cet intervalle de terns devant 6tre le meme pour l’entree et pour 
la fortie, la difference 17" fait voir que j’ai eftim 4 le centre de 
Mercure plus pres du contact exterieur k 1 ’entree qu’st la fortie, 
fe, qui devait auffi avancer l’inftant du milieu du paflage; or la 
moitie de ces 17" fait precifement les 8' i dont le milieu du 
paflage eft arrive plutdt felon cette obfervation que felon edict 
-des contacts intericurs(puilque l’erreur de l’une des deux obferva¬ 
tions n’eft que la moitie fur le milieu du paflage). J’ai done 
marque l’inftant de l’obfervation du centre a i’entr^e plutot qu’il 

* l/tnf.inr de la conjon&ion difftre de i" t 6 quoique cchli du milieu du paffage 
ne difffcre que de </', J* purceque la portion de Porbite relative comprife entit le 
milieu (u pdflage et la eotyrm&toa eft: fAut grande pour une plus grande diftance 
des centre-. 


ne 
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de fallait; dft'je pencherai toujours i croire plutfit que c’efHfitr 
idle de l’entr£e que doit tomber l’erreur, parceque ft’ayant |>as? 
encore vrf Mercure fur le difque du foleil, je ne pouvais pas’ 
jUger de fa grandeur aufli bien qu’a ia fin apres l’avoir Vn pen-’ 
dant toute la dur£e de ion pafiage, fc’eft auffi ea partie par" 
cette meme raifon, jointe & celle qu’ort ne peut pas eftimer avec 
quelque precifion le centre d’uti corps qu’on ne voit pas en¬ 
ticement, que je puis avoir obferve le centre de Merctifb fur le 
bond du foleil trop t6t h l’entree, et trop tard a la fortfe rela- 
ti cement aux obfervations des conta&s. Certe difcuflion, en 
apparence d’ailleurs peu importante, devient ici d’une grande 
nSceflite, parcequ’il s’agit de montrer les dcfauts de deux ob¬ 
fervations que je ne rejette qu’avec beaucoup de regrets; car 
Tobfervation dtp centre de la planete fur le bord du foleil n’etant 
pas affe£tee de l’eflet de plufieurs elemens (le diametre de la 
planete et i’effet d’une atmofphCe qui l’envelopperait) que nous 
connaiflons fouvent mal, ou que nous ignorons abfolument, 
offrirait des avantages r£els, fi elle pouvait fe faire avec une 
certaine precifion. 

9. Quoique les refultats de mes calculs s’accordent aflez pour 
infpirer quelque confiance, je n’ai cependant pas et£ trop fatif- 
fait de trouver la plus cotrrte diftance des centres de i",3 plus 
grande par les conta£te exterieurs que par les contacts interieurs. 
Cette difference annonce une erreur dans les durees. Ou la 
dunce du paffage entfe les deux contacts exterieurs eft trop pe¬ 
tite, ou celle des contads interieurs eft trop grande. Mais je 
line fuis impofe la loi de ne jamais faire aucune corre&ion k 
mes obfervations lorfque je ne les ai accompagnees d’aucune 
marque qui me fafle douter de leur bonte; je ne trouve done 
aucune raifon qui m*autorife & changer la duree des conta&s 
interieurs, et quatidje voudrais m’ecarter ici un moment de mes 
Vol. LXXIV. V q pri^- 



gfflth 

prineipes jppwr ajugraenter la duree.des conta^^&ieurs, je n* 
is p^jf^ jBure qu’en conSderation de Pm<&rsftudeavec la-, 
queMeotipeot eftimer 1 c contad exterieur de Pentree trap tard, 
«t celujde la fortic trop tdt, ee qui eft toujoura probable; mail* 
Je oe lapourrais augmenter que tout au plus dft 5 4 6 feconde* 
de, toms, puifqu’on a vu dans Particle precedent qu’il a f y a que 
tf* d’inccrtitudc fur Peftime des deux observations du fcentre de 
Mercure fur les bords du foleil qui comparativement entre ellcs- 
«»Snjes ft font bcaucoup moins exadement. Or ces 5 ou 6 
lecondes d’augmentation fur la duree exterieure ne fuffifent pas 
4 beawoup pres (car il en faudrait to6") pour reduire 4 z£ro la 
difference qui fe trouve entre les deux valeurs de la plus courte 
diffance des centres. 11 faut done chercher ailleurs que dans 
les obfervations la caufe de cette difference. C’eft ce que je 
Qrois pouvoir trouver dans PefKt d’une atmofphere fuppoiee au~ 
tqpr de Mercure, on d’une caufe femblable. 

10. D’apres les recherches que j’ai faites fur Patmofphere de 
Verjus a Poccafion de fon paffage en 1769, et dont j’ai etabli et 
demontre les prineipes dans un petit Trait6 complet fut les-paf- 
fages de. Venus et d® Mercure, j’etais prevenu que la circon- 
ftaqop caraderiftique de ce paflage de Mercure qui dait fi defa- 
avantageufe 4 l’egard de Putilit6 qu’on en retire.pour perfedion- 
ner jes tables, devait etre extremement favorable 41 a determi¬ 
nation, de l’eflet d’uue atmofphere qui environnerait Mercure* 
puifque la plan&te paflfant fort pres du bord du foleil, foil 
inouvement fe faifait tres obliquement 4 ce bord, et agrandiflait 
beaucoup Pefet d’une atmofphere. En confluence je me fuis 
fiugulierement appliqu£ 4 obferver ce paflage et principalement 
les quatre contad* avec la plus grande attention,, afin de 
procurer des obfervations fuffifammeut exades pour pouvoir 
m’en fervir avec avantage & determiner i’effet de cette atrao- 

fphere, 




Iphdre, Da 4 oan©rersl m’4$*werde fbnexiftcnce. Je {mts dire 
maintenaat queles refuitats de mes calcul*, de quetque maoism 
que je lescombine, cn fuppofant l’obfervation et le diamctrc de 
Mercore etnploye dans mescaicub rigouretifement exa&s, m’in- 
diquent la pr&fence d’un effet femblable k cclui d’une refra^iorr 
ouiivflexianque fouf&iraientles rayons folnires dans leur paflags 
aupres da globede Mcrcure. Void comment. 

m. J’ai ddmontr£ dans lc petit Twite que je viea* de citer 
que la combinaifon des deux ohfer vat tans des contacts exterieurs 
doit don tier le meme inftant pour celui du milieu do paffagc 
que la oomhtnaifon des deux coutadts raterieurs, et que cet in¬ 
ftant du milieu du paffage deduit de Tune et de 1 ’autre combi- 
naiibn reftera toujours abfolument le meme, qu’ou fuppofe la 
planete entouree d’une atmofphere ou non. 11 eft Evident qu’a 
plus forte raifon le milieu du pafTage deduit de la comblnailoa 
des deux obfer vat ions du centre de la planete fur la bord du 
foleil ne fera point altere par l’effet d’une atmofphere, puif- 
qu’elle n’influe pas m6me fur chacune de ces deux obfervations 
ieparement, Enfuite j’ai-encore fait voir que dans la fuppofi- 
tion d’une atmofphere autour de la planete qui paffe fur le 
difque du foleil, le milieu du pafiage deduit de la combinaifon 
de l'obfervation du contact exterieur de l’entrce avec cellc du 


contact insericur de la fortie, doit arriver plus tard; et le mi-t 
lieu du pafTage donn^par la combinaifon ducontadinterieur de 
1 ’eatree avec le contact exterieur de k fortie, doit arrivet preh 
cifemeut de k meme quantite plutdt que le milieu du pafiage 
conciu par ktcombinaifbn des deux contacts interieurs, ou par 
celle des deux conta&s exterieurs, ou, ce qui revieat encore atf 
meme, que le milieu du pafiage que donneraient ffldtitin&e* 
meat toutee les obfervations des coatafk combinees comme on 
voudra, & k .pkqete n’avait point ‘d’aamfpbeitt.' Xsfediftence 
■ a i U u 2 ou 




ou la iquadtit^ dont le milieu du juflage di t*ou\ e plustard 
ou ploiici \fefa TefFet de Tatmo^Jaerede k plaudtefurle milieu 



JBn confluence de ces principes j*ai done fait encore 


deui fcombinaifons pouren deduire le milieu du paftage; et j’ai 
‘fcrd§f£ que la combinaifon du con tad exterieur de Tenti^e avec 
le contaft interieur de la fortie donne cet inftant a %h. 40' 13",6 j 
celle du contact interieur de l’entree avec le centaft exterieur de 


la fortie le donne a 3 h. 39' ao",8. Or on a vu (art. 7.) que le 
milieu du pafiage, felon la combinaifon des deux conta&s in- 


terieurs et celle des deux contads exterieurs eft arrive a 


3>b. 39' 47 // ,a, quantite qui fe trouve entre les deux precedentes 
et exadement d egales diftances de l’uneet de l’autre, lavoir de 
a6 v/ ,4. II eft done evident que 1 ’efFet de l’atmofphere de Mer¬ 
cure dans ce pafiage-ci a etc 26",4 de terns lur le milieu du 
patlage, en faifant abftradion de toute autre caule qui peut avoir 
quelque influence fur les obfervations des con tads. 

l a. Mais ces 26^,4 ne peuvent provenir que de trois caufes: ou 
de I’inexaditude des obfervations, ou d’une erreurfur lesdiametres 
du foleil et de Mercure employes dans les calculs, ou de la refract 
tiori des rayons folaires dans I’atmofphere de Mercure; ainfi que 
je Md&nontfe dans moti petit Traite fur les Paffages de Venus et 
de Mercure, et 06 j’arrive, aprds un examen rigoureux de toutes les 
hypothifespofttbles, a cette equation generale A = »±/ 9 ±>--f»i 
dans laquelle A eft la quanrite cteterminee par les combinaifons 
des obfervations, corame ici les 26",4, et par confequent con- 
nue; «, ?, t f la part qui en appartient refpedivement & 

l’atmofphere de U planlte, 1 l’erreur de fon diametre, 1 celle 
du foleil et & Terreur de I’obfervation. Je ferai remarquer feuk- 
roent au fojet de cette form ule qu’il n’y a que l’erreur fur le 
dioefetre de la pian&ednnt 1 ’dFet 0 pourrait quelquefois eotrer 

dans 



dans le valeur de A comme quantity negative, mais afors,Ioin 
demure a Fopraion d’attribujpr cet effet, quieftici de *6",4,* A 
1 ’atmolplfoiie de la planete, elie la favori&rait plutot. Quant 
A Ferreur fuf le diamitrc du foleil, fon influence pent etre re- 
gardee comme nuile dans tous les cas, c’eft A dire y peut ton* 
jours fetre regarde comme zero, i moinsque Ferreur fur le dia- 
metre du foleil ne foit tres confiderable, et c’eft un des avan- 
tages de ma m£thode pour determiner la valeur de A. Or la 
probability ferait en faveur des obfervations, puifqu’elles i don- 
uent, ce qui eft con forme a la throne, le meme intervalle de 
tenss entre les deux contafls de Fentree qu’entre les deux con¬ 
tacts de la fortie, ainli l’on aurait ici »=: o- Quant aux deux 
autres caufes, il n’en eft pas dememe, puifqu’il.eft evident par 
Ja formule generate qu’une meme quantite confidence comme 
erreur fur les diametres, ou comme refra&ion des rayons folaires 
dans Fatmofphere de Mercure, eft capable de produire cxadte- 
ment le meme effet. Mais comme il eft tres probable que les 
trois caufes si la fois peuvent avoir concouru a produire ccs 
26 // ,4 = A, et qu’il eft abfolument impofiible, d’apres ma me- 
thode comme d’apres toute autre, de demeler les effets pour 
afiigner a chaque caUfe la part qui lui appartient dans la valeur 
de a, le probfeme reftera indetermine a cet cgard, par confe- 
quent fi Fon ne veut admettre qu’une feule caufe, on fora fibre 
do fo decider pour l’une ou pour l’autre; or Ja queftiou n’etant 
plus alors qu’une affaire d’opinion, le cfioix doit tomber necef- 
fairement for la caufo qui eft la moms connue, et dont nous ne 
pouvons pas raifonnablement contefter Fexifteuce. On peut done 
fort bien attribuer cet effet k Fatmofphere de Mercure fans 
eraindre de fe tromper beaucoup. 11 f’en foit done qu’en re¬ 
gardant ces a6",4 fimplement comme -effet de Fatmofphtre de 
Mercure, la quantite, qui en refoltcrak pour l’inflexfon. 00 la 

' refradion 



miration reeile de cetfe atmofpbpre, noasaffiwrerait xu rmiat 
d'.uae efpace de litnite qu’elleoe ^paflwrrit jwaajs on da moms 
itidMarement, puilque llndexioa des rayons Claires, 4 4lk- 
-feule; ne peut ^galer la fomme des trois cad fee done elk fast 
-pastils, qup dans rhypothefe partkulidre dee deux autres igalfts 
dzero. -Cette maniere d’envifager le probkrwe me donaera d& 
-moins une connaiffance approchee de la valeur de la refriadtioti dfe 
'falfnofphere de Mercure, dont je n’aurais fans cefte recherche 
-ahfclument aucons id£e. Or il me femlsie qu'il vaut mieufc 
-acqilerir une cotmaiflauce imparfaite que de refter dans Idgno- 
•canceabfolue. 

' /< 14 . La quantite de cet effet, quel qu’il folt, &ant done con*- 
ijqe, j’ai cherche k eoncilier les deux valeurs de la plus courte 
adiftanoe des centres trouvees par les contacts interieurs et ex*- 
t&c&urs, et pour cet eflet je me fuis propole ce probleme qui doit 
•#en fuivre naturellement, puifque la valeur de y peut toujours 
&fre regardee comme zero: Diterminer le diametre dufoleil', eeiui 
<de< Mercure it ant connu far objervatiw, tel fee hddurie cknnle fat 
4»t’>c*nta£ls extirieurt et ; la durie des contacts intirtours fajfmt 
tamper, I'une et l'autre, la memequemthi four valeur de la flat 
xodrte difiance des centres, Ce probleme btant refolu en nom- 
«aant a, ladecd-duree entreles conta&s exterieurs, b celle des 
eohta&s interieurs, I le diametre de Mercure, x la diderence 
des-demi-diametres de Mercure et du foleal, y la plus courte 


diftance des centres cherch'6e, ‘jd trouve * = et jt - 

, ♦ > i ? »»• s>» - . , »* "* 3* * «t 


~#;'forniuiesqui dtant evalu&s aptds avoir eon* 

venablpment cbrrijge de? zb,"4 chaque obfervatjon des'quatris 
contains/ la duree des contacts exterieurs de ces 

d" dbntj*ai jprj^'3^ 967",04 

y u ’ '“-'I ' * * ^ ’petite 
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petite 4c «" *4*|3>? e celle que jfavais iuppoiee mes caleuls,.* 
et jrss i j'^5^af *pju8 grande de ip",i que/cdleqpi m’a etc 
donnec par la combi naifon de* deux conta&s iutCrieurs; ainfi tous! 
les refultats trouves par cette combinaifon n’auroDtbefoia d’au- 
cune correction, et je les adopterai, com me ’Ctanf les meilleurs, 
teb quails font rapportes dans la table ci-deflu* art. 7. 

*5. En fuppofant done que lea 26",4 foient produces pap 
1 ’atmpfphe-re de Mercure, je .trouve ©"276 pour, la refraction', 
horizontik dp cette atmofphere. Les obfervations du pjjflagp; 
de Venus en 1769, ra’ayant annonce u n efFet fernblable d’environ 
8" a 9" de terns, je trouve fa refraction horizontale d’environ ; 
o"205 qui n’eft qu’k peu pres les deux tiers de cellc de Mercure. 

CONCLUSION. 

16. Quelque peu deconfiance q'ue j’attache a ces refultats, et 
quelque foit l’opinion que j’adopte pour choifir entre les caufes 
qui peuvent produire 1’efFet en queftion, je crois du moins pou- 
voir conclure avec certitude, cSe qt« je rto’etais principalement 
propofe de prouveKdansce Metnoire, que lesofcfer vat ions dont 
il s’agit id, malg*$ jiwfle leur fup- 

pofer, indiquent ^^renj^nt* fpsiKeuc® dfittifemblable k 
celui d’une atmofebere e^nrlrotewrMt-la-i^tidKe j et que cet 
efFet, foit qu’il pr<Wfeni«# efl^ifdf^^\^.cette i dtmofph^re, ou 
d’une erreur fur le dnm 4 trd^;'^|^#te, ou d’une erreur dans 
les obfervations, ou qu’il fdKgjjfe ._4lpJtat del’aCtion fimultanee 
des trois caufes rCunies, il fe fait fentir evidemment dans toutes- 
les obfervations des pafTages de Venus et de Mercure, du moins 
dans toutes celles que j*ai calcukes. Par confequent l’influence 
de ces caufes qui alterent les obfervations d’une maniere fi fen- 
fible me parait, fous tous les points de vue, mcriter 1’attention 
des aftronomes; et je fuis tres perfuade que faute d’y avoir eu 



J»S Q&nuatM* V*. 

dgarddansla fcomparailbn des obier^t^wdu”p^0&ge de Venus 
pourjm deduire la paraliaxe du fcfleU, tiura ifes'aftronomes fe- 
rrident dans le cas tk recommencer leur caleul, Heurcuferftfcnt 
je a f jfi pas ce reproche k tne faire; car j’ai cofirftamment £vite 
awed lc plus grand fain I’cfFct d'unc atmofpherc autour de Venus 
can choiliffant les obfervations pour en faire la comparaifon de 
rrianiere que l’effet de cette atmofph^re, qull ait exifte on noli, 
& trouvait toujours reduit a zero. Cert ainfi que dans mon 
Memoire fur le paflage de Venus en r 769 j’ai fix£ i 8",7 la pa- 
rallaxe borizontale du folcil dans fes moyennes diftances a la 
terre. 
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XXV. thoughts on!the ccnfiituent Parts of Water and of De- 
phlogi/Ucated Air } with an Account of fate Experiments on 
that Subjetf. la a Letter from Mr. James Watt, Engineer, 
to Mr. De Luc, F. R* S. . , 3 , . r . t 

»♦ * P 

Read April 29, 1784., , . v t >{ 

< * *1 U 1 

D E A R S I R, , « , Bwtmnghan), 

* * NoVemhfer i&, 

N compliance with your defire, I fend you an account <of the 
hypothefis I have ventured to form on the probable Gaufes 
of the prodtiftiou of water from the deflagration of a fixture 
of dephlogifticated aridinflammable a$rs, in fottie of our friend 
Dr. Priestle? ? s experiments. - ^ 1 ‘ » 7/1 ( 

• I feel rtiuch relu&ance to lay 1 my thoughts on thfcfe fbbje< 3 £ 
before the public in their prefent indigeftedftate, and without 
having been able to Erring theni to' the toft of loch experiments 
as would confirm or refute them ; and fhould, therefore, have 
delayed the publication of'theto bntil thele experiments' had 
J>eeh made, if you, Sir, and forpe other, of my philofophical 
friends, had not thopght fSaufible as any other conjec¬ 

tures .which have been formedon the fubjeft; and that though 
they fhould not be verified by further experiments, or approved 
of by men of'fcience in gerrferalj they bray perhaj& therit a 
difcuffidt), { andj|ive rife to e$perurien ( f$ which may throw 

W & iin PdrW%^bjea. , 0,4a i A at * * . D m ' 

I firft thought of this way of folving the ph$Qomena;ki 
Cadodvouiing to account for an experiment of Dr. Priest- 
’ Vol. LXX 1 V. X x lev’s. 




3$o Mr, Watt's Thtygjfti m thecmftitmnt 
ley’s, wherein water appeared to be converted into air; and I 
communicated my fentiments in a letter addrefled to him, dated 
April 26, 1783*, with a requeft that he would do me the 
honour to lay them before the Hoyai Society; butas, before he 
had an. opportunity of doing me that favour, he found, in the 
prdfecution of 'his experiments, that the apparent eonverfion of 
water into air, by expofing it to heat in porous earthen veffels, 
was not a real tranfmutation, but an exchange of the elaftic 
fluid for the liquid, in fome manner not yet accounted for; 
therefore, as my theory was noways applicable to the explain¬ 
ing thefe experiments, 1 thought proper to delay its publica¬ 
tion, that I might examine the fubjedt more deliberately, which 
my other avocations have prevented me from doing to this 

«l. It has been known for fome time, that inflammable air 
fcontained mwh jfofogiftonj and Dr. Priestley has found, 
by fome experiments made lately, that it “ is either wholly 
#f ptote pblogifton, or that i* contains no apparent mix- 

fft<***m of any Other mWnr.” (la my opinion, however, it 
mmim » feoaS ^u&nfoty of wtfor and much elementary 

** * ^ f. i 

j f Jfy Jftf, ftujMtTwy tec^re4 at ftoedqn; aed, after <hewing jjt t? 
f$Y$rg! JJdetjibfrs of the Royal Society, fie .delivered it to Sir Joseph Banks., the 
fre^dent, wijh a requeft that it might be read at' fome of the public meetings <?f 
the Society; hot before that could be complied with, the author, having heard of 
Dr, Faiunuri new? experiments, begged that the reading might he delayed. 

letter, therefore* sim wferod wtil the a*d of April foft; vhev, at the 
author’s requeft, it wai read before the Society, It has becq Judged unuftcejEpy tp 
print that letter, aa the eflential parts of it are repeated, almoft vtritfim, 
thb letter to M. Da litre j but, to authenticate the date of the author’s ideufy the 
parts of it which ate contained in the prefcnt letter are marked with double 
Mramas, , > 

beat.) 
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Pam of fW# and of Beftoogifkafed Air. 
heat * ) ** Utr found, that by expofing the calces of metals 
•* tothefdar rays, concentrated by a lens, in a vefiei contain- 
“ ing inflammable air only, the cakes of the fofter metals 
“ wens reduced to their metallic ft ate and that the inflam¬ 

mable air was abforbed in proportion as they became phtogifti- 
cated j and, by continually fopplymg the ueflel wkh inflamma¬ 
ble air, as it was abforbed, he found, that out of ioi ounce mea- 
fures, which he had put into the veffel, 99 ounce meafures were 
abforbed by the calces, and only two ounce meafures remained, 
which, upon examination, he found to be nearly of the feme 
quality the whole quantity had been of before the experiment, 
and to be ftill capable of deflagrating in conjun&ion with at- 
mofpheric or with dephlogifticated air. Therefore, as fo great a 
quantity of inflammable air bad been abforbed by the metallic Oakes { 
the effeSf of reducing them to their metallic flate bad been produced', 
and the fmall remaining portion was flill unchanged, at leafl had 
JUffered no change which might not be attributed to its original want 
of purity', it was reafonable to conclude, that inflammable air mufi bt 
the pure phlogiflon, or the matter which reduced the cakes to 
metals. 

4 . “ The fame ingenious philosopher mixed together cer- 
*f tain proportions of pure dry dephlogifticated air and of pure 
** dry inflammable air in a ftrong gtefs vefiel, clofely fhut* 
“ and then fot them oa fire by means of the electric fpark,” 
in the fame manner as is done in the inflammable air pifto!. 
“ The firft effedt was the appearance of red heat or inftamma- 

* Previous to Dr. Pxiisthy’s making theft experiments, M. Kikwah had 
proved, by very ingenious deductions from other fails, that inflammable air was, 
in all probability, the Mai phtogifton, i* an aerial form. Theft arguments wtre 
perfe&iy convincing to me; 'but it ftema mere proper to reft ttwtpwt of the 
prefent hypothefii on the dirt£t experiment. 

X x % 
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3 p Mr, Watt’s tifo&g&is’vn 1 tM't&ipTtotme * 

“. tion in the airs* which Was food followed by the glafsf tfefleP 
“ becoming hot. The heat gradually pervaded the glafs, and 1 
“ was dHlipated in the circumambient air, and'as the glafs ’ 
“♦grew cool, a mift or vifible vapour appeared in it, which* 
“ was condenfed on the glafs in the form of moifture or dew** 

When the glafs was cooled to the temperature of the atmo- 
“ fphere, if the veflel was opened with its mouth immerfed in 
“ water or mercury, fo much of thefe liquids entered, as was 
“ fufficient to fill the glafs within about ^^dth part of its 
“ whole contents; and this fmall refiduum may fafetybe con- 
“ eluded to have been occafioned by fome impurity in one or 
«* both kinds of air. The moifture adhering to the glafs, after 
“ thefe deflagrations, being wiped off, or fucked up, by a 
“ fmall piece of fjponge paper, firft carefully weighed, was 
“ found to be exa’&ly, or very nearly, equal in weight to the 
“ airs employed.” 

“ In fomeexperiments, but not in all, a fmall quantity of 
“ a footy-like matter was .found adhering to the infide of the 
“ .glaft,” the origin of which is not yet iirveftigated; but Dr. 
Priestley thinks, that it arifes from fome minute grains of 
the mercury that was ufed in order to fill the glafs With the 
air* which being fuper-phlogifticated by the inflammable air, 
affumed that, appearance; but,'from whatever caufe it pro¬ 
ceeded, “ the whole quantity of footy-like .matter was too 
“ fmall to be m objeft o$ confideration, particularly as it did' 
“ not occdrin all the experiments.” • •* 

I am obliged to your friendfhip for the account of the expe¬ 
riments which have been lately made at Paris on this fubje<ft, 

. J- ’ ,r 

* I believe that Mr. Cavendish was the firft who difebrered that the; <iom- 
huftion of dephlogifticated and inflammable air produced moifture on the fide* of 
the glaii in which they were fired. • * 

t I; * with 



Parti\tif^ Water andfofp& P^blt^iftiiMed AW. £gg 
with large quantities of thefetwo kinds ofair, by which, the 
efiential point feemsto be clearly proved, that the deflagration or 
onion of dephlogifticated and inflammable air, by means of 
ignition, produces a quantity of water equal in weight to the 
airs; and that the water, thus produced, appeared, by every 
teft, to be pure water. As I am not furnilhed with any parti¬ 
culars of the manner of making the experiment, I cati.jmake 
no obfervations on it, only that, from the chara&er you give me 
of the gentlemen who made it, there is no reafon to doubt of 
its being made with all neceffary precautions and accuracy, 
which was farther feeured by the large quantities of the two 
airs confumed. 

3. “ Let us now conlider what obvioufly happens in the 
“ cafe of the deflagration of the inflammable and dephlogiftw 
“ cated air. Thefe two kinds of air unite with violence, they 
“ become red-hot, and upon cooling totally difappear. When 
“ the veflel is cooled, a quantity of water is found in it equal 
“ to the weight of the air employed. This Water is then the 
“ only remaining product of the procefs, and water, light, and 
“ heat, are all the produ&s,” unlefs there he fome other mat¬ 
ter fet free which efcapes our fenfes. ; 

“ Are we not then author ifed to conclude , that water is com - 
“ pofed of dephlogifticated air and phlogijton, deprived of part of 
“ their latent or elementary heat ; that dephlogifticated or pure air 
** is compofed of water deprived of its phkgifion, and united to 
“ elementary beat and light ; and that the latter are contained in 
“ it in a latent fate, fo as not to be fenfibk to the thermometer or 
“ to the eye 1 and if tight be. only a modification of beat, or a cir~ 
f* cumfiance attending it, or a component part of the inflammable 
$ air, then pme> or dephlogifticated air is comp fed of •mater de- 
*Aprwed of its phlogijlon and united to elementary heat?” 


4. «It 




„,4* *♦ It appears, that dephlogifticated water,” or, iWfllfefe 
maybe a better name for the bafts of Water and air, the ele« 
(neat you call humor , *« has a more powerful attraction for 
pblogifton than it has for latent heat, but that it cannot 
** unite with it, at leaft not to the point of fatu ration, or to 
** the total expiilfion of the heat, unlefs it be firft made red¬ 
-hot,” or nearly fo. “ The electric fpark heats a portion o 
** it red-hot, the attraction between the humor and the phlo- 
“ gifton takes place, and the heat which is let loofe from this 
“ firft portion heats a fecond, which operates in a like manner 
“ on the adjoining particles, and lb continually until the whole 
** is heated red-hot and decompofed.” Why this attraction 
does not take place to the fame degree in the common tempera- 
tore of the ktmofphere, is a queftion I am not yet able td 
fclve; but it appears, that, in fome circumftances, “ dephlo- 
f* gifticated air can unite, in certain degrees, with phlogiftori 
u without being changed into water.” Thus Dr. PiikstleY 
lids found, that by taking clean filings of iron, which, ak>ne, 
produce only inflammable air of the pureft kind, and mercttriut 
ealcinatus per fe t Which gives only the pureft dephlogifticated 
air, and expofing them to heat, in the fame veffel, he obtained 
neither dephlogifticated nor inflammable air, “ but in their 
*♦ p|«oe fixed air.” Yet it is well known, that a mixture of 
dephlogifticated and inflammable air will remain for years hi 
clofe vefTels in the common heat of the atmofphere, without 
differing any change, the mixture being as capable of deflagra* 
taon at the end of that time as it was when firft (hut up. 
Thefe fe&s the Do&or accounts for, by fuppofiag that the two 
kind* of ait, When formed at the fame time in the fame veffel, 
can unite in their naftern ftatej but that, when fully formed, 
they are incapable of afting upon one another, unlefs they are 


firft 



~ it 

foft fet m motion by external boat, “ Phlogiftieated air fe«ms 
*» alfo t© jb»iMiiOthflr compaction of phiogifton and dephk»gifti- ! 
“ mfed m j” but in what proportions they arc unified, or by 
what means, is ftill unknown. It appears to me to be very 
probable, that fixed air contains a greater rjuantky of phio- 
giffon than phlogiftkated air does, becaufe it has a greater 
fpecific gravity, and becaufe it has more affinky with watec. 

5, “ For many years I have entertained an opinion, that air 
“ was a modification of water, which was originally founded 
“ on the fa&s that in moft cafes, wherein air was aAuaily 
“ made,” which fbould be diflinguifhed from thofe wheceiu it 
is only extricated from fubftances containing it in their pores, 
or otherwife united to them in the ftate of air, “ the fub- 
“ fiances were fuch as were known to contain water as one of 
“ tboir confeituent parts, yet no water was (Stained in the 
“ procefles,” except what was known to be only loofely con- 
ne&ed with them, fuch as the water of the cryftallkation of 
falts, “ This opinion arofe from a difeovery,” that the latent 
heat contained in fleam dimniMhed in proportion as the fen- 
fable beat of the water from which it was produced itjereafed; 
or, in other words, ** that the latent heat of fleam was lefa 
M when it was produced under a greater prefiure, or in a more 
« denfe fiate, and greater when it was produced under a lefs 
“ pjrefiwe, or in a lefs denfe ftate; which led me to conclude, 
that when & very great degree of heat was nepeffciy for that 
“ prodoftion of the Heaps, -the latent heat would be wholly 
* changed into feafible heat; and that, in fuch cafes,. the 
** fleam itfedf might fuffer feme remarkable change. ,1 no m 
** abandon this opinion in fo for as relates to the change of 
•f .Water into air, as I think that may be accounted for on better 
** principles.” 

6 . “ In 
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f 6, '.“ilij every cafe, wherein dbphloglftiekted air ha* bbeti 
4 ‘ produced, fubftances have been employed, feme of wliofd 
“•'•cottftfeuent parts have a ftrong attraction for phlogifton, and,* 
*«-tasr it would appear, a ftronger attraction for that fubftance 
v -than humor 1 has ; they ftiould, therefore, dephlogifticate the 
*?> water” or fij&d ait) and t)\6humor thus fet free Ihould unite 
to the matter of fose'and lights and become pure ah*. Dephlo- 
giiiicated air is prod bead-in great abundance from melted 'nitre. 

The acid of nitre has a greater' attraction for phlogifton than' 
*f ! any other fubftance is known to have; and it is alfo certain, 
** that-nitre, befides its water of cryftallization, contains a 
V quantity of water as one of its elementary parts, which 
** water adheres to the other parts of the nitre with a force 
^.fafficicntto enable it to fuftain a red heat. When Che nitre* 
*6 'is melted, or'made red-hot, the acid aCts Upon the water ahd 
v dephlogifticates it', and the fire fttpplies the humor with the 
**;thje quantity of heat to conftitute it air, under which form 
immediately iffues. It is not eafy to tell what becomes of 
«i the- acid of nitre and phlogifton, which are fuppofedto be 
“habited,” 'as they feem to be loft in the procels. Dr. Priest- 
XJtdr fea® lately'made fome experiments, With a view to ascer¬ 
tain tthifcipoin*. He diftilled dephlogifticated air'from pure 
arfo&V imi am earthen retort glared 'within and* without. * He' 
employed 1 * 3 o 3 c;t i960 grains ofttiitrb: 'the retort Was placed jin 
an airfumabe, and, by means of an intepf^ haat, he obtained 
from the mitreriwofte experiment y^7, andrih* another-experi¬ 
ment $ob ounce* meafures of dephlogifticated 3 ir<n and he found 
that; bpoa wsighi^-the retort ’-and nitre before and after the* 
procefs, they ’hadifuftbred a lofs of* weight equal to the'weight 
of sthe air, and to !the,wxte \of crjiftayiia)tS3n..of!the-nitre,: but* 
nothing more. He remarked, that the air haU-aal puagqnt* 
at *» i ftnell, 







the water in #oeh the air was xeceiied.lwd taop»,fKglMta 
acid. I examined a portiou of this water, which he was.fo 
Rind as to fond me, and found'by it that the whole of the fe- 
cdtviqg water had contained the acid belonging to s drams =» 
iso grains of nitre, I alio examined the reflduujn and the 
retort in Which the diftillation had been performed, and found 
the r did aura highly alkaline, yet containing a minute quan¬ 
tity of phlogift teamed nitrous acid. It had afted confiderably 
upon the retort, and had diflblved a part of it, which was de¬ 
posited in the form of a browuifh powder, when the faline 
part was diflblved in water. This earthy powder I have not 
yet thoroughly examined, but have no doubt that it princi¬ 
pally confifta of the earth of the retort. This experiment, 
and all others tried in earthen veflels, leave us ftill ait a tofs 
to determine what becomes of the acid and phlogifton. They 
feem either to remain mixed with the air, in the form of an 
incoereibie gas; or to unite with the alkali, or with the earth 
of the retort* in fome manner fo as not to be eafily feparated 
from them; or elfe they are imbibed by the retorts themfelvcs, 
which are Efficiently porous to admit of filch a fuppofition. 

Ail that appears to be cetkUfbS* from thrr experiment is, that 
above one half of the weight of tie nitre veas obtained in t be form 
of dephkgifiicatod air ; Mi that the refidstum fill containedJme 
mtrm add wuedtopbltgifiK 

f> Finding that lie a&ldti 6 $ the rtiwi on the retort tended 
to pttivttirany aedanrto' examination of the pradoffcs, I had re- 
eourfe t» combinations Of the nitron* acid with eaikhsirwB. 
which fht dephlog&fcjtted air if obtained with leftf heat than. 
Rom nitre itiidf. &$ thfefe pmeeffes hive been particularly‘do* 
foidbed by Dr. Priestlet, by Mr. Scheele, and others, I 
Vol. LXXIV. Y y ^ 



lit no* enter Into any detail ©£them ; bat fhah raentionr tile 


general- phenomena which l obfesved, and which relate to the* 
prefent fubjeft. 

The earths I ufbd were magnefia alba, calcareous earth, and 
minium or the red calx of lead.. I difTolved; them in tije re- 
fpeftive experiments in nitrous acid dephlogifticated by boilings 
and diluted with proper proportions of water- I made ufe of: 
glafs retorts, coated with clay; and I received the air imglafs- 
veffels, whofe mouths ware immerfed in a glazed earthen ba— 
Ion, containing the fmalleft quantity of water that could be¬ 
llied for the purpofe. As foon as the retort was heated a little* 
above the heat of boiling water, the folutions began to diftih 
watery vapours containing nitrous acid. Soon after thefe va¬ 
pours ceafed, yellow fumes,, and in fame of the cafes dark red. 
fbmes, began, to. appear in the* neck of the retortand at the 
fame time there was a production of dephlogifticated air, which* 
was greater in quantity from ibme of thefe mixtures than from* 
others, but continued in all of them until the fubftances were, 
reduced to dryneft. I found, in the receiving watpr &c. very* 
nearly the whole of the nitrous acid ufed for their foliation, but, 
highly phlogifticated, fc* as to emit nitrous air by the applica- 
tionof heat j and there is, reafon to believe, that with, more 
precaution the whole might have been obtained. 

8, A* the quantity, of dephlogifticated air produced by thefoc 
procefies did not form a fufficient part of the whole weight, to* 
onableme to judge whether any of the real .acid entered into 
the compaction of the air obtained, I- ceafed to purfue them; 
further, having, learned from them the faft, that however much* 
the acid and the earths mere dephlogifticated before thefolntkn y the « 
acid always became bigbfy.phhgjfticatedm .tbe ftroc0,. 

Iu» 



fh^ordeN»«*iumhe whether this pfcfogiftoft was fuVntfhed'bjjr 
sthe earths, toe dephtegifUcated nitrous acid was diftilled 
from minimn till no more acid or air came oyer. More of the 
■fame acid was added to the minium as icon as it was cold, and 
the diftillatton repeated, which produced the 1 fame appearance 
of red fumes and dephlogifticated air. This operation was re¬ 
peated a third time on the fame minium, without any fenfible 
variation in the phaenomena. The procefs fhould have been 
ilill farther repeated, but the retort broke about the end of the 
third dtftillatkm. The quantity of minium ufed was izo 
grams, and the quantity of nitrous acid added each time was 
240 grains, of fuch ftrength that it could diflbive half its 
weighs of mercury, by means of heat. 

It appears from ibis experiment, that unlrfs minium he fuppefed 
to confft principally of pblogijion, tie Jource of the .phkgiflon, thus 
obtained, was either the nitrous acid rtfef, or the water with 
which it was, diluted j or tdfe that it . came through the retort with 
the light, for the retort was in this cafe red-hot before any air was 
produced ; yet this latter conclufxon does not appear very fatif- 
■fa&ory, when it is confidered, that in the procefs wherein the 
earth made ufe of was magnefia, the retort was not red-hot, or 
very obfcurely fo, in any part.of the procefs; and by no means 
luminous, when the yellow and ted fumes firft made their 
appearance. - ' . v * 

9. As the principal point in vie* was to determine whether 
any part of theacid entered into the cotnpofition of the air, 1 
refolved to employ fome fubfcmce which would part with the 
acid m a moderate heat, and. alfo give larger * quantities of 
air than had been'obtained .in the former precedes. Mer¬ 
cury was thought a proper fubftance for this purpofe. ? 240 
grains of mercury were put into a glafs retort with 480 grains 
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thy heceffary to diffolve the whcAe of the morcury, a geode 
heaiPwas Applied, aad as loon ai the common ah contained in 
fte retort was diffipated, a vdfel was placed to* receive die ni¬ 
trous air proceeding from the folution, wbkh was 16 wince 
meafures. When it had ceafedtn give nitrous air, the neck of 
the retort became hot from the watery fleams of the acid The 
air receiver was taken away, aid a common receiver was hated 
on, with a little water in it, to condenfe the vapours, and a 
quantify of dilute* but' highly phlogifticated, acid was caught 
in the receiver. When the watery vapours had nearly mme 
over, and yellow fumes appeared in the neck of the retort, 
the common receiver was removed, and the air receiver re¬ 
placed ; about four ounces of very ftrong nitrous air paffed up 
immediately, the Fumes in the retort became red, and dcphlo- 
'gtfticated air paffed up, which, uniting with the nitrons air in 
the receiver, produced red fames in die receiver; and thetwo 
'kinds of air a&ing upon one another, their bulk was reduved 
• to half of an ounce raeafure. At this period the Aimes in the 
retort were of a dork red colour, and dephiogtftkated air wan 
-produced very After a ihott time, feme orange-coloaoed 
fublitnate appeared in the upper part of the retort, and m- 
teoded a little way along its neck, the red oolomof the ftuads 
gradually difappeared, and the neck of the retort becarae qoite 
clear. At the fame time that this happened, feoalhgfc&ules of 
mercury appealed in the neck of the retort, and acconaalsted 
there until they ran doom in drops. The pKJHhtdwnof the air 
was now very rapid; add accompanied with; much of the white 
cloud or pcwwfci^ matter, which paffed up with theaiswioihe 
receiver, and mixed with the water, hut did hordiftebe in it* 
After giving about $5 ounce nwaftues of dfj Aft g t ft gatnftaaf, 


M lb give rfoy mmh and the retort Jmfog 

cooled, the,bulb was fouqd to be quite empty, excepting? .a 
/mall quantity of black powder, which, on being rubbed an 
the hand, proved to be rooftly running mercury. The orange- 
coloured iublkoate was washed out of the neck of the retort, 
and what running mercury was in it was feparated, and added 
to that which had run down into the bafon among the water. 
The whole fluid mercury, when dried, weighed grains; 
therefore at grains remained in the form of fublimate, which, 
I believe, would alfo have been reduced if 1 could have applied 
heat in a proper manner to the neck of the retort, as fextoe of 
it, to which heat could be applied, dgf&ppearbd. 

« io. The 16 ounce rneafores of nitrous air, which had been 
produced in the iblution qf the mercury, and had remained 
confined by water in the receiver, was converted into nitrous 
acid by the . gradual admiihon of common air, and was taken 
up by the water; this water was added to that in the bafon, 
wbkh had ferved to receive the dephiogihicated air. The 
Whole quantity was about. twO quarts, was very add to the 
tfcfte, and %atiding..wi«h nitrous ak. It .was immediately put 
into bottles, and wdd corked, until it had loft the heat gained 
in the operations. In order to determine the quantity of acid 
an tbe receiving water and pin the fublicnate, I diflblved, firft, 
alkaH of tartar in water, and filtered the folution. 352 grains 
: of thin , utkaftme iblutiDq; fotbf«ed i«P .gr* 0 * of the nitrous 
asidlhad«mplcyie4|wdS^^th« tobteury, and 
df ihwfluiseiflf&a&W; fok»tkm fatweted t;he erange-colour-oil jwe- 
ciphsalte, atulall the acid %uoc obtained from the procefe : 
j thenefiwe rwte dha*o> the prflfbftwwst as : ?»o “ *J95 : 4 - 75 * 
: from wMekiit. appews,v|h»tj ail the acid- .employed. JV». re¬ 
named again dot tfee for^^acid, excepting, oj»iy fifdjgtains; 

a fmaller 




tbo nitrous 

air. ssjfe-order to afeeetain the exadfc point of Saturation, flips 
'O^paper, fhmed by the juice of the petsil&of the Scarlet rate, 
wiwe employed, which were the ntceft teft I could procure. 
«e litmus will not (hew the point of Saturation of any liquor 
containing much phlogifticated nitrous acid, or even fixed 
air, but will turn red, and (hew it to be acid, when the teft of 
thofe leaves, violets, and fome other of the like kind, will turn 
green in the fame liquor, and fhew it to he alkaline. But the 
■exa& point of Saturation of So dilute a liquor is So very difficult 
to aScertain, that* an error might eafily be committed, not- 
withflanding the attention beftowed upon it. Supposing this 
■experiment to be unexceptionable, the conclufions which may 
be drawn from it are very favourable to the hypothefis I endea¬ 
vour to Support. Thirty fix ounce meafures of dephlogiftcated 
air were obtained, and only Jive grains of a weak nitrous acid 
'■ware left in the proctfs. Two hundred and eighteen grains of 
mtnssry out of two hundred and forty were revived* and ail the 
depblogfikated nitrous acid employed is found to be. highly phlogifti- 
adtedfistbeproeejs, It appears* that* the nitrous acid does not 
entente# the compofition of dephkgificated air $ it ferns only to 
0 Ve<M, dhjbrh phlogifon from the watery part of the mercurial 

n. A* this lift procefs proved very tedious and complicated 
on account of the ijeceffity of ascertaining the quantity of acid 
in the receiving water, by means of an alkali t^bich afforded a 
double Source -of error hi the point of Saturation* 2 refolved to 
try the diflillation of dephlogifticated air from cubic nitre inn 
glafs veflel, aodto df&wSromit only Such a quantity of air as 
It would yield without a&mg much upon the retort, winch 
’ > l ' v ^ latter 




PM W df&*$khg$icatsd Mr. 
litter mttupjNoco Is eflentialiy neeeflary to- be attended tol 
An ounce of the cryftals of mineral alkali were diflolved in- 
nitrous add, and the mixture brought to an exa<ft faturation by, 
the teft of litmus; 30 ounce meafures of air-were diftilled from 
it; which, during the latter part of the procefs, was accom¬ 
panied with (lightly yellow fumes; the receiving water was 
fpund to be acid, and the refiduum alkaline. The refiduum 
being diflolved in the receiving water, the folution was neu¬ 
tral, or very nearly fa, by every teft ; for in this cafe litmus 
might be ufed, as the acid was very {lightly phlogifticated. On 
adding a few. drops of a very dilute nitrous acid, the tefts 
{hewed the liquor to be acid. 

12. Encouraged by the fuccefs of this experiment, I took 
an ounce = 480 grains of pure common nitre, and put it into a 
flint-glafs retort, coated, which was placed in a furnace. It 
began to give air about the time it became red-hot, and during 
the latter part of the procefs {his-air was accompanied with 
yellowflh fumes. I flopped the procefs when it had produced 
50, ounce meafures of air. The receiving water, and parti¬ 
cularly the air, had a ftrong but peculiar fmell of nitrous acid. - 
The air. was well walhed •with the receiving water, but was 
not freed from the fmell. The receiving water, which was 
50 ounces, was {lightly acid,, and the refiduum alkaline. X 
diflolved* the latter in the former, and., found the mixture alka-- 
line. 10 grains of weak nitrous acid were added to it, which 
faturated it, and 105 grains of this fpirit of nitre was found to 
contain the acid of 60 grains of nitre; therefore the 10 grains 
contained th<utcid of 5,7 grains of nitre, which, by Mr. Kix- 
WAN’s experiments is equal to two grains of real nitrous acid. 
We have, therefore, 34 grains weight of dephhgifkated air 
ftaduced, and only two grains. of real acid mjffmg 1 and it is not - 

certain, 




certa&tfc&tbis quantity was deftroyed, hecftufofonu! portion 
of tfcf #&Cs of the retort was diflolved by the ttUrre, and foroe 
pairt^f^he materials employed in making the glafs being alkali. 
We may conclude, that the alkali of the nitre wonld be augp- 
ra&sted by the alkali of that part of the glafeit had diflolved. 
pt$ the glafs cracked into fmall pieces on cooling, and fotne part 
of the coating adhered firmly to it, the quantity of the glafa 
that was diflolved could not be afcertained. From this expert - 
meat it appears, that if any of the acid of the Mitre enters into 
the compoftion ef the dephlagi/licattd air, it is a very fmall parti 
and it rather feems, that the acid, or part ef it, unites'itfelf fa 
firmly to the phlogifton as to lofe its attraction for Water. 

13. “ The vitriolic fates alfo yield dephlogifticated air by 
** heat; and in thefe cafes the dephlogifticated air is always 
*‘‘attended with a large quantity of vitriolic acid air or fill* 
“ phureous vapour,** even when the fates ufed are not known 
to contain any phlogiftic matter, Mr. Schbele mentions his 
having obtained dephlogifticated air from manganefe diflolved 
in Add of phosphorus, and alfo from the arfenkal acid: from 
whence it appears, that thefe acids, or perhaps any acid which 
can bear a red heat, can concur to the produ&kra of dephlo- 
giftJcated air. It is nevefjdry to remark, that no experiments have 
bien fid pubfifbodJhewmg that dephlogifticated air cm he produced 
frOtthfidhfjffitidudhy the muriatic acid. The acids which produce 
fitih ''fifitaMh fir this purppje, have all a ftrrng affinity with 
phhj$hn% ' marine acid has either a very fmall affinity 

•sMtb % dh effi h already faturated with if, at leaf Jo fir fata « 
rahtdfas'Hot'do U^dihk'to atfraSl it from the humor. 

** TW 4 fe$fefogpftica*ed air obtained from thepofe cafce 9 
“ of metals may Ife attributed to the calces therivfelves, attrad- 
‘^l^gthe pMoj^ttba'frrdbftWfcter which they hawittttttbad from 
txkrn > z <« tho 



ftttqpfphem, or from 
!M^Sw 4 P<*wn to €on|taU- 

. f*ff probable, t^wt the deplilqgifticated airextrudecj from 

grpwipg vegetables may be owing to their dephlogiftiqatiug the 
WH&> theygrow in; but it appears more probable, that the 
phutfs have a power of dephlogifticat'mg the fixed, or phlo- 
gifticated, air-of the atmofphere. 

“ When dephlogifticated and nitrous air are mixed, the de- 
“ phlogifticated air feizes part of the phlogifton of the nitrous 
“ air.” The water contained in the nitrous air, and the other 
part of the phlogifton, unite with the nitrous acid, which then 
aflumes a liquid form, or at leaft that of a denfe vapour; “ and 
“ that part of the latent Jheat of the two airs not effential to the 
new combination isfet at liberty"*.” 

In the combuftion of fulphur the fame thing happens, but 
in a greater degree; for the vitriolic acid, having a much weaker 
attraction for phlogiflon than air has, abandons it almoft en¬ 
tirely to the latter, which is thereby converted into wafer, and 
in that form attracts the vitriolic acid, and reduces it to a liquid 
ftate. The feme reafoning may be applied to tjie combuftion 
of phofphorus, which is attended with fimilar effects. 




dfglilogiftk 


ie fiyed air which 


'* I oaawit take upon me to determine, whjch have come to my 

knowledge, whether any part.of the dephlogiftiqateci air employed irr this experi¬ 
ment It turned into fixed air ; but I ara rather inclined to think that feme part is, 
becaufe the quantity of beat, which is feparated by the union of the two airs, 
does not feem tohefo great as that which 4s Separated when the dephtogjfHcated 
air is wholly changed into water? yet dome , water appears to be formed, becaufe 
when the mixture i* made over mercury, the folution of the mercuiy m the nj* 
tious acidafluajesa e$yftalHxcd form, which, however, may be due to the watery 
mu of Ihp ^ 
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15. I fhall not make, at present, ahy farther deduiftion* 
from what I myfelf confider ftill in the light of aconje&utif 
hypothecs, which I have perhaps dwelt upon too long already. 
1 (halt only beg your attention to fome general reasoning on the 
fubjeft; which, however, may poflibly ferve more to (hew the 
uncertainty of other fyftems on the conftituent part* of air,, than 
the certainty of this. Some of thofe fyftems fuppofe dephlo- 
gifticated air to be compofed of an acid and fomething elle, 
fome fay phlogifton. If an acid enters into the compofition of 
it, why does not that acid appear again.when the air is decom- 
poled, by means of inflammable air and heat ? And why is 
•the water which is the product of this procefs pure water ? 
And if an acid forms one of its conftituent parts, why has no¬ 
body been able to deteft any difference in the dephlogifticated 
air, made by the help of different acids, when compared with 
one another, or with the air extruded by vegetables ? Thefe 
airs, of fuch different origins, appear to be exactly the fame. 
And if phlogifton be a conftituent part of air, why does it at- 
tra& phlogifton with fuch avidity ? Some have, on the other 
hand, contended that air is compofed of earth, united to acids 
or phlogifton, or to both, or to fome other matter. Here wo 
muft afk, what earth it is which is one of the component 
parts of air ? All earths which will unite with the nitrous or 
vitriolic acids, and with fome others, fuch as the phofphotie 
and the arfenical acids, will ferve as bales for the formation 
of air,, and the air produced from all of them appears by every 
teft to be the fame, when freed from accidental impurities. 
To this argument it is anfwered, that it is not any particular 
fpecies of earth which is the balls of air, but elementary or Am¬ 
ple earth, which is contained in all of them. If this were the 

' matter 
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Jjftp^i^fPater and qf XkfibhgiJikattd Air. ^47 
patter of &&, would not that earth be found after the dcdSto- 
Jwfitioa of the air? ' 1 

,Mr. Jjcheele has formed an hypothefis on this fub]e£t, jn 
which he fuppofes heat to he compofed of dephlogifticated air 
united to phlogifton, and that this combination is fufficlently 
fubtile to pafs through glafs veflels. He affirms, that the ni¬ 
trous and other acids, when in an ignited (late, attract the 
, phlogifton from the heat, and fet the dephlogifticated air at li¬ 
berty ; but he does not feem to have been more fuccefsful than 
myfelf in explaining what becomes of the acid of nitre and 
phlogifton in the cafe of the decompofitiou of nitre by heat. 
And fince we know, from the late experiments, that water is a 
pompofitiom of air, or more properly, humor and phlogifton, his 
whole theory muft fall to the ground, unlefs that fe& be other-* 
wife accounted for, which it does not feem eafy do. 

16. To return to the experiment of the deflagration of 
dephlogifticated and inflammable air, ** it appears from the 
“ two airs becoming red-hot on their union, that the quantity 
“ of heat contained in one dr both of them, is much greater 
u than that contained in fteam; becaufe, for the firft moments 
“ after the explofion, the water depofited by the air remains in 
“ the form of fteam, and confequently retains the latent heat 
“ due to that modification of water. This matter may be eafily 
* c examined by firing the mixture of dephlogifticated and uiflam- 
** mable air in a vefiel immerfed in another vefiel containing a 
“ given quantity of water of a known heat, and after the vefiel 
“ in which the deflagration is performed is come to the feme 
temperature with the water in which it is immerfed, by ex- 
“ amining how much heat that water has gained, which being 
divided by the Quantity of Water produced by the deebrit- 
“ ppfition of the airs, Will give the whole quantity of elemen- 
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“ tary or latent heat which that water had contained, botba# 
** air and as fteam; and if from that quantity we dedu<3 the 
44 latent heat of the fteam, the remainder will he the latent or 
44 elementary heat contained mote in air than in team.* This 
experiment may be made more compleatly by means of the ex¬ 
cellent appaiatua. which Meft. L-avoisier and Dc £a Place 
have contrived for fnnilar purpofes. 

Until diie<ft experiments are made, we may conclude, from 
tUofe which have been made by the gentlemen juft named, on 
file fdecomportions of air by burning phofphorns and char¬ 
coal, that the heat extricated during the combuftion of inflam¬ 
mable and dephlogifticated air is much greater than it appears 
to he; for they found that ope Paris ounce (= 576 Paritian 
grains) of dephlogifticated air, when decompofed by burning 
phofphorus,tmelted 68,634 ounces of ice; and as, according to 
another of their experiments, ice, upon being melted, abforbs 
IJ5° of heat, by Fahrenheit’s fcale, each ounce of air gave 
out,68,634 x 1 g5° = 9365°, 590; that is to fay, a quantity of 
heat which would have heated an ounce of water, or any other 
matter which has the feme capacity for receiving heat as water 
has, from 32°to 92651°: a furprifing quantity ! (It is to be 
underftood, that all the latent heats mentioned herein ate com¬ 
pared \dtth the capacity of water). And when an ounce of 
dephlogifticated air was changed into fixed air, by burning 
charcoal, or by/fhe breathing of animals, it melted 39,547 oau ) 
of ice; confequently we have 29,547* 135°= 3988°,845. the 
quantity of heat which an ounce of dephlogifticated air lofes 
when it is changed into fixed air* By the heat extricated dar¬ 
ing the detonation pf one ounce of nitre with one ounce of, 
fulphury 32 ounces of ice were melted ; and, by the experiment, 
1 have mentioned of Dr. Priestley’s (6), it appears that 
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jpMtfc'oto half of its weight of dephlogiffiartedaii; 
Whttt thfSfn’M'e Snd fulphur are kindled, the dephlogifticated 
toTef the 'nitre unites with the phlogifton of: the fulphur, and 
lets Its add fite, which immediately unites to the .alkali of the 
nitre, and produces vitriolatfed tartar. The dephlogifticated air, 
tmitedto thephiogifton, is turned into*water, part of which is 
abfotbedby the vitriolated tartar* and part is diffipated in the 
form of vapours, or unites to the nitrous air, or other air, pro* 
duced in the proceis. * 

As half an ounce of dephlogifticated air is, in this procefs, 
united by inflammation ton quantity of phlogifton fufficient to 
fkutate it, and no fixed air is produced, it fhduld melt a quan¬ 
tity of ice equal to the half of what was melted by the com- 
bination of an ounce of air with phlogifton in burning phdf- 
phoriis; thatrs, it fhould melt 34,317 ounces of ice; and we 
find* by MefTi Lavoisier and Da la Place’s experiment, 
that it actually melted 32 ounces of ice : the fmall difference 
may be accounted for by fuppofing, that the heat produced by 
the combuftion might not be quite fb great as that Dr* 
Priestley employed in his experiment; or that the nitre 
might be lefs pure, and confequently not fa much air formed* 
The two faffs, however, agree near enough to permit us to 
conclude, that depblogtflkated air t in uniting to the phlogifton 
of fulphur, produces as much beat as it does in uniting with the 
phhgifton of phofpbortes. 

17. According to Dr. Priestley’s experiments, dephlogif¬ 
ticated air unites coropleatly with About twice its bulk of the 
inflammable air from metals* The inflammable air bring fup- 
jpofed to be wholly phlogifton, and bring of the weight 
of an equal bulk of dephlogifticated air, and bring double in 
quantity, will be ~ of the weight of the dephlogifticated iiir 
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»t unites with. Therefore one ounce (5 716 grainl)o/dephlo* 
. giftieatedair, will require 120 grains of inflammable, air, or 
phlogifton, to convert it into water. Andfuppofing the heat 
extricated by the union of Aephlogifticated and inflammable air 
to be equal to that extricated by the burniog of phofpharus, 
ms ftall find, that the union of izo grains of inflammable air 
with 576 grains of dephlogifticatcd air, extricates 9265° of 
heat. 

18. In the experiment on the deflagration of nitre with char¬ 
coal, byMeiT. Lavoisier and De la Place, an ounce of 
nitre and oue third of an ounce of charcoal melted twelve 
ounces of ice. Suppofing the ounce of nitre to have produced 
half an ounce ofdephlogifticated air, it ought to have confum- 
ed 0,1507 ounces of charcoal, and fhould have melted 14*773 
ounces of ice; and I fuppofe it fell fhort of its effect by the 
heat not being fufficiently intenfe to decompofe the nitre per¬ 
fectly. 

\hi). By the above gentlemen’s experimentan ounce of charcoal 
retired for its combuftion 3,3167 ounces of dephlogifticatcd air, 
»fl produced 3,6715 ounces of fixed air; therefore there was 
linked to each ounce of air, when changed into fixed air, 61,5 
grains of phlogifton, and 3988° of heat wet* extracted. It af- 
fears by tbtfefails y that the union ofphlogifton, in Afferent fropor- 
tions , with defblogifticated air , does not extricate proportional quan¬ 
tities of heat. For the addition of 61,5 grains produces 3988% 
and the union of s 20 grains produces 9265°. This difference 
may arife from a miftake in fuppoGng the fpeoific gravity of the 
inflammable air iDiv Pajsstle y employed to have been only £5 • 
of that of dephlogifticated air; for if it be fuppofed that its 
fpecific gravity.twas a little more than 4. of that qf the de- 
ftfilogifticated air, then equal additions of’ phlogifton would 
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have produced equal quantities of heat* : this matter ihoplil 
therefore be put to the teft of experiment, by deflagrating de- 
phlogifticated air with inflammable air of a known fpecinc 
gravity,: or by finding how much dephlogifticated air is necef- 
faxy for the combuftion of an ounce of fulphur* the quantity 
of phlogifton in which has been accurately determined by Mr. 
Kirwan ; or by finding the quantity of phlogifton in phof- 
phorus, the quantity of dephlogifticated air neceftary for its de- 
coropofition being known from MefC Lavoisier and Db la 
Place’s experiments. 

On confidering thefe latter gentlemen’s experiments on the 
combuftion of charcoal, a difficulty arifes, to know what be¬ 
came of the remainder of the ounce of charcoal} for the 
dephlogifticated air, in becoming fixed air, gained only the 
weight of 0,3548, or about 4 of an ounce ; about 4 of 
an ounce are therefore unaccounted for. The weight of 
the afhes of an ounce of charcoal is very inconfiderable ; and, 
by fbme experiments of Dr. Priestley’s, charcoal, when freed 
from fixed air, and other air which it imbibes from the atmof- 
phere, is almoft wholly convertible into phlogifton. The caufe 
of this apparent lofs of matter, 1 doubt not, thefe gentlemen 
can Explain fatisfa&orily, and very probably in fuch a manner 
as will throw other lights on the fubjeft. 


* Or it nay arife from my being mtftaken, in iuppofing that the fame quantity 
of heat it disengaged by the union of dephlogifticated air with phlogifton, in thh 
form of inflammable air, at is by its union with the phlogifton of pholpfeerus or 
fulphur i and there appears to be feme wafen why there ftsould not; beenufe in 
thefe latter cafes the water, bffeg united to the acids, capnot retain fo much ele¬ 
mentary,heat as it can dp when left in the form of pure water, which is the cafe 
when the inflammable air is ufed* 
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' It is alfb worthyof enquiry, whether dl d&a*nftctng qua*! 
tity ofheat let loofe in thefe experimentswasoofctained in.tin 
4 epMogifticated air; or whether the greateft portion ofitwaa 
act contained in the phlogifton or inflammable *§r. If it was 
all contained hi the dephlogifticated air, ** the general rule is rut 
u fa&, that elajiic fluids are enlarged in their dktunfiomm frefmr~ 
** tion to the quantity of heat they contain becaufe then, inflam¬ 
mable air, which is ten times the bulk of dephlogifticated air, 
muft be fuppofed to contain no heat at all; “ and it is known, 
** from fome experiments of my friend Dr. Black’s, andfome 
** of my own, that the fleam of boiling water, whofe latent 
“ and fenfible heat are only r ioo", reckoning from 6o°, or tem- 
** perate, is more than twice the bulk of -an equal weight of 
“ dephlogifticated air.” It feems, however, realonable to fup- 
^ofe, that the greater quantity of heat fhould be contained in 
the rarer fluid. 

' It may be alledged, that in proportion to the quantity of 
phlogifton that is contained in any fluid, thfe quantity of heat 
is leifened. But if we reafon by analogy, the attra&ion of the 
particles of matter to one another in other cafes is increased 
by phlogifton, and ** bodies are thereby rendered fpecificallf 
“ heavier f and we know of no other fubftanoe befides'heat 
which can be fuppofed to feparate the particles of inflammable 
air, and to endow it with fo very great an elaftic power, and 
fb fmall a fpecific gravity., On the other hand, If a great 
quantity of elementary heat he allowed to be contained in in¬ 
flammable dr, on account of its bulk, die fame reasoning can-' 
not hold good in refpeft to the phlogifton of phofphorus, ful- 
phur, charcoal, &c. But all thefe fubftaftces contain other 
matters befides phlogifton and heat. The acids in flie fulphur 
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•od phofpliora** and the alkali and earth in charcoal, may at- 
trad the pblogifton fo powerfully that the heat they contain 
may not be able to overcome the adbefion of .their .particles, 
until, by the effed of external heat, they are once removed to 
fuch a diftance from one another as to be out of the fphere of 
that kind of attradion *. 

If it be found to be a conftant fad, that equal additions of 
phlogiflon to dephlogifticated air do not extricate equal quan¬ 
tities of heat, that may afford the means .of finding the quanti¬ 
ties of heat contained in phlogifton and dephlogifticated air re- 
fpedively, and folve the problem. 

Many other ideas on thefe fubjeds prefent' themfelves; but 
I am not bold enough to trouble you, or the, public, with any 
fpeculations, but fuch as I think are fupported by uncontro¬ 
verted fads. .. 

I mull therefore bring this long letter to a conclufion, and 
leave to others the future profecution of a fubjed which, how¬ 
ever engaging,, my necefiary avocations prevent me from pur- 
iuing. I cannot however conclude, without acknowledging my 
obligations to Dr^PaiESTLEY, who has given me every infor¬ 
mation and afliftance in his power, in the courfe of my enqui¬ 
ries, with that candour and liberality of fentiment which difiiu- 
guilh his charader. 

I return you my thanks for the obliging attention you have 
pai$l to this hypothefis; and remain, with much efteem, &c. 

. JAMES WATT. 

• On the wholes this queftion feeius to involve fo many difficulties, that it cannot 
be cleared up without many new experiments. * 

■ *' j '' " ^ 
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XXVI. Sequel to the Thoughts on the confituent Parts of Water 
and Dephlogijlteated Air. In a Jubfequent Letter from Mr ► 
James Watt, Engineer, to Mr. De Luc, F. 2 ?. S. 


Read May 6, 1784. 


DEAR SIR, 


Birmingham* 
Apnl 30, 1784. 


O N re-confidering the fubjeft of my letter to you of the 
26th of November laft, I think it necefiary to refume 
the fubjeft, in order to mention fome necefl’ary cautions tothofe 
who may chufe to repeat the experiments mentioned there, and 
to point out fome circumftances that may caufe variations in 
the refults. 

> In experiments where the dephlcgifticated air is to be dif- 
tilled from common or cubic nitre, thefe falts (hould be puri- 
fed as perfectly as poffible, both, from other falts and from 
phlogiftic matter of any kind; otherwife they will produce 
fome nitrous air, or yellow fumes, which will leffen the quan¬ 
tity, and, perhaps, debafe the quality of the dephlcgifticated 
ait. If the nitre is perfectly pure, no yellow fumes are per¬ 
ceptible, until the alkaline part begins to aft upon the glafs of 
the retort, and even then they are very (lightly yellow. 

When earthen retorts are 11 fed, and a large quantity of air is 
drawn from the nitre, it afts very much upon the retort, dif- 
folves a great part of it, and becomes very alkaline, retaining 
only a fmall part of its acid, at leaft only a fnaall part which 
6 can 
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oan be made appear in any of the known forms of that acid j 
and unlefs retorts fan be obtained of a tme apyrous and com¬ 
pact porcelain, I fhould prefer glafs retorts, properly coated* 
for making experiments for the prefent purpofe. 

In fome of my experiments the nitre was left in the retoi t 
placed in a furnace, fo that it took an hour or more to cool. 
In thefe cafes there was always a deficience of the acid part, 
which feemed, from fome appearances on the coating, either 
to have penetrated the hot and foft glafs, by paffing from par¬ 
ticle to particle, or to have efcaped by fmall cracks which hap¬ 
pened in the retort during the cooling. There was the leaft 
deficience of the acid when the diftillation was performed as 
quickly as was pra&icable, and the retort was removed from 
the fire immediately after the operation was finifhed. In order 
to fhorteu the duration of the experiment, and confequently to 
leflen the aftion of the nitre on the retort, it is advifable not 
to diftil above 50 ounce meafures of dephlogifticated air from 
an ounce of nitre. The experiment has fucceeded belt when 
the retort was placed in a Charcoal fire in a chafing-difh or 
open furnace; becaufe it is eafy in that cafe to flop the opera¬ 
tion, aud to withdraw the retort at the proper period. 

When the dephlogifticated air is diftilled from the nitre of 
mercury, the folution fhould be performed in the retort itfelf* 
and the nitrous air produced by the folution fhould be caught 
in a proper receiver, and decompofed by the gradual admiflioil 
of common air through water ; and the water, which thils be¬ 
comes impregnated with the acid of the nitrous air, fhould be 
added after the procefs to the water through which the dephlo¬ 
gifticated air has pafled. When the folution ceafes to give any 
more nitrous air, the point of the tube of the retort fhould be 
raifed out of the water 5 otherwife, by the condenfation of the 
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watery and acid vapours which follow, a partial exhauftion will 
take place, and the receiving water will rife up into the retort 
and Break ir, or at leaft fpoil the experiment.’ A common re¬ 
ceiver, fuch as is ufed in diftilling fpirit of nitre, lhould be 
applied, with a little water in it, to receive the acid fleam; and 
it fhould be kept as cool as can conveniently be done, as thefe 
Fumes are very volatile. This receiver fhould remain as long 
as the fumes are colourlefs; but when they appear, in the 
neck of the retort, of a yellow colour., it is a mark that the 
mercurial nitre will immediately produce dephlogiflicated air; 
the receiver fhould then be withdrawn, and' an apparatus placed 
to receive the air. The reft of the procefs has been fufficiently 
explained in my former letter. 

The phlogifticated nitrous acid, faturated by an alkali, will 
not cryftallize; and, if expofed to evaporation, even in the 
heat of the air, will become alkaline again, which fhews the 
:Weaknefs of its affinity with alkalies when diffolved in water *; 
a'farther proof of which is, that it is expelled from them by 
all the acids, even by vinegar (which fa<£t has been obferved 
by Mf. Scheeee). I have obferved, that litmus is no teft of 
the faturation of this acid by alkalies ; for the infufion of lit¬ 
mus added to fuch a mixture will turn red, when the liquor 
appears to be highly alkaline, by its turning the infufions of 
-violets, rofe leaves, and moft other red juices, green.' This 
does not proceed from the infufion of litmus being more fenfi- 
ble to the prefence of acids than other tefts; for I have lately 
difcovered a teft liquor (the preparation of which I mean to 
puhlifh fbon) which is more fenfible to the prefence of acids 

* You have informed me,, that Mr. Cavendish has alfo obferved this feft S 
and that he has mentioned it in a paper lately read before the Royal Society i but I 
bad obferved the fait previous to my knowledge of his paper. 

than. 
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than litmus is 5 but which turns green in the fame folution of 
phlogifticated nitre that turns litmus red. 

The unavoidable little accidents which have attended thefe 
experiments, and which tend to render their refults dubious, 
have prevented me from relying on them as full proofs of the 
pofitiort that no acid enters into the compofition of dephlogifti- 
cated air; though they give great probability to the fuppofi- 
tion. I have, therefore, explained the whole of the hypothefis 
and experiments with the diffidence which ought to accompany 
every attempt to account for the phenomena of nature on 
other principles than thofe which are commonly received by 
philofophers in general. And in purfuance of the fame mo¬ 
tives it is proper to mention, that the alkali employed to fatu- < 
rate the phlogifticated nitrous acid, was always that of tartar 
which is partly mild; and I have not examined whether highly 
phlogifticated nitrous acid can perfectly expel fixed air from an 
alkali, though I know no fa£t which proves the contrary. It 
ftiould alfo be examined, whether the fame quantity of real 
nitrbus acid is requifite to faturate a given quantity of alkali, 
when the acid is phlogifticated, as is neceflary when it is de- 
phlogifticated. 

As I am informed that you have done me the honour to com¬ 
municate my former letter on this fubjetft to the Royal Society, 

I (hall be obliged to you to do me the fame favour in refpefl to 
the prefeat letter, if you judge that it merits it. 

I remain, See. 

JAMES WATT. * 
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XXVTI. An Attempt to compare and conned the Thermometer for 
jlrong Fire , defcribed in Vol. LXXII. of the Philofophical 
Tranfaciions, with the common Mercurial Ones . By Mr. Jofiah 
Wedgwood, F. R. S. Potter to Her Majefty. 


Read May 13, 1784. 

T HIS thermometer, which I had the honour of laying 
before the Royal Society in May 1782, has now been 
found, from extenfive experience, both in my manufactories 
and experimental enquiries, to anfwer the expectations I had 
conceived of it as a meafure of all degrees of common fire 
above ignition : but at prefent it Hands in a detached Hate, not 
connected with any other, as it does not begin to take place till 
the heat is too great to be meafured or fupported by mercurial 
cues. 

What is now therefore wanting, tq give us dear ideas of 
the value of its degrees, is, to conned it with one which long 
tile has rendered familiar to us; lb that if the fcale of the 
common thermometer be continued indefinitely upwards as a 
Randard, the divifions of mine may be reduced to that fcale, 
and we may thus have the whole range of the degrees of heat 
brought into one uniform feries, cxprefled in one language, and 
comparable ha .©very part, from the lowell: that have hitherto 
been produced \>y any artificial freezing mixtures, up to the 
higheft that can be obtained in our furnaces, or that the mate¬ 
rials of our furnaces and veffeji can fupport. 


The 
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The hope of attaining this definable and important objeft 
gave rile to the experiments which I have now the honour of 
communicating. How far I may have fucoeeded, or whether 
the means employed were adequate to the end propofed, is, 
with all deference, fubmitted to this ilLuftrious Society. 

This attempt is founded upon the conftru&ion and applica¬ 
tion of an intermediate meafure, which takes in both the heats 
that are meafurable by the mercurial thermometer, and a fuffi- 
cient number of thofe that come within the province of mine 
to connect the two together; the manner of doing which will 
be apparent from the three firft figures (tab. XIV.) ; wherein F 
reprefents Fahrenheit’s thermometer, with a continuation of 
the fcale; W my thermometer; and M- the intermediate mea¬ 
fure divided into any number of equal parts at pleafure. 

For if the heat of boiling Water, or 213 degrees of Fah¬ 
renheit, be communicated to M, and its meafure upon M 
marked, as at a ; and if the heat of boiling mercury, or 6oo° 
of Fahrenheit, be alfo communicated to M, and marked 
as at b ; it is plain, that the number of degrees upon M be¬ 
tween a and b will be equal to the interval between 212 and 
600, that is, to 388° upon Fahrenheit. 

In like manner, upon expofing M to two different heats 
above ignition along with my thermometer pieces, if a certain 
degree of my fcale be found to correfpond with the point d y 
and another degree of mine with the point c ; then the inter¬ 
val between thofe two degrees upon mine muff be equal to the 
interval dc ; and how many of Fahrenheit’s that interval is 
equivalent to will be known from the preceding companion. 
Thus we can find'the number of Fahrenheit’s degrees con¬ 
tained in any given extent of mine, and the degree of FaH- 
ESnheit’s with which a givbn point of mine Coincides;; 
’ whence- 
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whence either fcak is easily reducible to tshie other through 
their whole range, whether we fuppofe Fahrenheit's conti¬ 
nued upwards, or mine downwards. * 

For obtaining the intermediate thermometer different means 
were thought of; but the only principle which, upon attentive 
confederation, afforded any profpeCl of fuccefs, was the export- 
fion of metals. This therefore was adopted, and among dif¬ 
ferent methods of meafuring that expanfion, which either oc¬ 
curred to myfelf, or which I can find to have been pra&iled by 
others, there is no one which promifes either fo great accuracy, 
or convenience in ufe, as a gage like that by which the ther¬ 
mometer pieces are meafured : the utility of this gage had now 
been confirmed to me by experience, and the machines and 
long rods, which have been employed for meafuring expanfions 
on other occafions, were abfolutely inadmiffible here, on ac¬ 
count of the infuperable difficulties of performing nice opera¬ 
tions of this kind in a red heat, and of communicating a per¬ 
fectly equal heat through any confiderable extent. 

To give a clearer idea of this fpecies of gage, which, Am¬ 
ple as it is, I am informed has been mifunderftood by fome of 
the readers of my former paper, a reprefentation of one ufed 
on the prefent occafion is annexed in fig. 4. where ABCD is a 
fmooth flat plate; and EF and GH two rulers or flat pieces, a 
quarter of an inch thick, fixed flat upon the plate, with the 
fides that are towards one another made perfectly true, a little 
further afunder at one end EG than at the other end FH; thus 
.they include between them a long converging canal, which is 
divided on one fide into a number of fmall equal parts, and 
-which may be confidered as performing the offices both of the 
tube and fcale of the common thermometer. It is obvious, 
that if a body, fo adjufied at to fit exactly at the wider end of 

this 
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this canal, ib« afterwards dimintfbed in its bulk by 'fire/ as 
the thermometer pieces are, it will then pafs further in the 
Ofttwd, and more and mom fir according as the diminution is 
greener; and converfely, that if a body,, fo adjufted as to pafs 
on to the narrow end, be afterwards expanded by fire, as is the 
cafe with metals, and applied in that expanded ftate to the fcale, 
it will not pafs fo far; and that the diyifions on the'fide will be 
the meafures of the expanfions of the one, as of the contrac¬ 
tions of the other, reckoning in both cafes from that point to 
which the body was adjuiled at firft. 

I is the body whofe alteration of bulk is thus to be mea- 
fured, which, in the prefent inftance, is a piece of fine filver: 
this is to be gently pufhed or Aid along, towards the end £H, 
till it is (topped by the converging fides of the canal. 

K is a little veffd formed in the gage for this particular feries 
of experiments, the u£e of which will appear hereaften 
v Tbecontraffion, which the thermometer pieces rcceivefrpm fire, 
is a permanent efteft, am variable by an abasement of the heat, 
and winds accordingly is meafuced commodioufly and at kifure, 
when the pieces are grown cold. But the txpanjm of bodies is 
paly temporary, continuing no longer than the heat does that 
produced ft; and therefore its quantity, at any particular de¬ 
gree of heat, muft be men lured in the moment while that heat 
fubfifta. And further, if the heated piece was applied to the 
cpld gage, the pace would be deprived, of a part of its heat on 
the firft coutsuft; and as the gage eeeeiirea fome degree of expap* 
fion from heat as well as the piece, it m plain that in this cafo 
the piece would he dinainifised m its bulk, and the gage eu% 
larged, before tbemeafurement could he taken. Jtiaahprafofp* 
OCSaftary that both of them he heated to an «*a& equality* an& 
in that ftate we can meaftuoe*. notJndepd. the 4 *«< 
.Kwl.LXXIV. Bbb • *itbtr. 
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either* bot the excefi of tbs expanfwn of one above that of the 
other, which is fufficient for the prefent purpofc, as we wait 
only an uniform and graduated cf&& of foe, and it is totally 
immaterial whether that effe&be theabfolute eapanfion of one 
Or the other body, or the difference of the two# provided only 
that its quantity be fufficient to admit of nice meafotement. 

■■ Some difficulties occurred with reipect ro the choice of a 
proper matter for the gage; the eflential requisites of which 
vare, to have but little expansibility, and to bear the neceffary 
fires without injury. All the metals, except gold and lilver, 
Would calcine in the fire: thole two are indeed free from that 
objection, and accordingly it is of the moft ejcpanfible of them 
that tho piece is made ; but if the gage alfo was made of the 
fame, the meafure itfelf would expand juft as much as the body 
to be meafured, and no expanlion at all would be fenfible 7 and 
though the gage was made o.f one of thofe metals, apd the* 
piece of the other, the difference between their expan lions 
would be too final 1 to give any fatisfa&ory refults, as more* 
than two-thirds of the real expanfiou of either would be 
loft or taken off by the other. 

JJffSjWf' thefe reafons I had recourfe to earthy compofitions, 
which expand by heat much lefs than metallic bodies, and bear 
the neceffary degrees of fire" without the leaft injury. I made 
choice of tobacco-pipe clay, mixed with charcoal in fine pow¬ 
der, in-the proportion of three parts of the charcoal fo five of 
the day by we%ht. % a free accpfs of air, m the burning by 
which thegage t$r prepared for ufe, the charcoal is confirmed, 
aqffleaves the day extremely light and porous; from which 
circumftance it bears hidden alternations ofcold and heat, often 
strquifite in thefc operations, much better than the clay alpne. 
Another and more important motive for the ufe of dhfttcod 

v*. , ,V; < ^ ■ 
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was, that in consequence of the remarkable porofity which it 
produces in the day, it would probably diminish the expansi¬ 
bility, by occasioning the mafs to contain, under an equal fur- 
fece, a much lefs quantity of folid or expansible matter. It 
may be obie&ed to this idea, that the expansions of metals, 
in Mr. Ellicott’s * and Mr. Smeatok’s + experiments, do 
not appear to have any connexion at all with their densities: 
but the cafes are by no means parallel; for there the compan¬ 
ion lies between different fpecies of matter; but here, between 
one and the fame matter in different Slates of Compaftnefs. If 
a metal could be treated as clay is in this inftance, that is, if a 
large bulk of any foreign matter could be blended with it, and 
this matter afterwards burnt out, fo as to leave the metallic par¬ 
ticles at the fame distances to which they had been feparated by 
the mixture of it, we may prefume that the metal thus enlarged 
would not expand fo much as an equal volume of the folid 
metal. Such at leaft were the ideas which determined my 
choice to a compofition of clay and charcoal powder; and be¬ 
ing afterwards deiirous of fatisfying myfelf whether they had 
any foundation in faft, I have. Since the experiments were 
made, prepared feme pieces of day with and without charcoal, 
and having burnt them in the fame fire, I ground them at the 
Sides, to make them both fit exa&ly to the Same division neat 
the narrow end of the gage; then, examining their expansions 
by equal heats, I found the piece with charcoal to expand only 
one-third part So much as that without; and thus was fully 
Satisfied with the composition of the gage; 

To aScertain a fixed point on the Scale for the divisions fo bo, 
counted from, the Silver piece and gage were laid together for. 

* Phil. Tranfaa. vol. XLVIL p. 485. 

f Md. volXLVlU. p.612. 

Bbb* Some 
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feme tktad in fpring water, Of the terapemuteuf 50* of Fa«» 
re nHeit : the point which the piece Went to in this cold ftate 
is that pnarked o near the narrow end of the gage. The ad- 
j^ftrafeht is re-examined at the beginning and end of every fue-i 
ceding experiment, left the repeated attrition, in Hiding the 
piece backwards and forwards, fhould wear off fo much ftorri 
the furface of this foft metal as to occafion an error in the mi¬ 
nute quantities here meafured. < 

The apparatus is then expofed fucceffively to different degrees 
of heat, with the piece lying always in a part of the canal at 
kaft as wide as it is expected to fill when expanded, otherwise 
the fides of tl>e gage would be bfurft afuiider by its expanfion, 
as I experienced in fotne of my firft trials. When the whole 
fob received any particular degree of heat defired, the piece is 
Cautioufly and equably pufoed along, till it is flopped by the 
convergaicy of the Tides, of which I always' find notice given 
nifc by the gage itfelf (which is fmall and light) banning to 
utfWe upoii the continuance of the impulfe. A flat flip of iron, 
a little narrower than the piece, bent down to a right-angle at 
one end, and fixed in a long handle at the other, makes a coo- 
vdfrient tnftrument for pufhing the piece forward, or drawing k 
back again, whiift red-hot: this mftruraent, at every time of 
ufing, i« heated to the fame degree as the piece itfelfi < ‘ 

The feedt of boiling water is taken without difficulty, by 


keeping the apparatus in boiling wafer itfelf diking a fufficien* 
Tpace of time for the full heat to: be communicated to it. The 
water I made ufe of was a very <fine fprirog water, which oft 
chemical trials appeared very nearly equal in parity to thatfof 
rain or foow; and I had previoufly fatisfied foyfelfv by trials** 
the cold, that the gage and piece being wet, or under water, 
made no difference in the meafurement. The expanfion of the 
~y:. o to filver 


to 
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CWw bjr tfewlidat* that it, by an increafe of die heat from 5O® 
to aia% or a period containing v 6 z* of Fahrenheit, was 
juft 8 a of the! gage or intermediate thermometer M; whence 
one of thefe degrees, according to this experiment, contains 
juft aafii of Fahrenheit’s. The operation was many times 
repeated, And the refill* was always precifely the fame; 

For the boiling heat of mercury, it Was necefiary to proceed 
in a different manner; not to convey the heat from the mer¬ 
cury to the inftrument, but to convey it equally to them both 
from another body. J made a fmall veflel fdr budding the mer¬ 
cury in the gage itfelf, feen at K fig. 4. and more diftin&ly in 
fig. 5. which is a tranfverfe fedrion of the gaga through this 
veflel. The plate CD, which forms the bottom of the canal, 
ferves alfo for the bottom of the vefifel, which is fituated clofe 
to the fide of the canal, and as near as could be to that part of 
it, in which both the filver piece, and the divifions required 
for this particular experiment, are contained. By this arrange¬ 
ment it is prefumed, that all the parts concerned in the opera¬ 
tion will receive very nearly an equal heat/' 

The gage, with fane mercury in the veffiel,’ was laid upon a 
ftpopth and level bed of fand, on the bottom of an iron muffle 
kept open at one end; the fire increafed very gradually till the 
mercury boiled, arid then continued fteady, fo as juft to keep 
it boiling, for a cohfiderable time. TheboHmg heat of mercury 
was thus found to be zy°i of the intermediate thermometer, 
which anfwerirtg to an interval of 550° of Fahrenheit, 
makes one degree of this equal to juft 20° of hie; a refult cor- 
refponding even beyond my expe£arions with that which 
boiling water had given. ' -V.- . 6 

Thel'e ftandirod heats of F aHr eNheit’s thermometer art ob¬ 
tained with little difficulty on a common fire; but it is far 

otherwile 
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and all the precautions I could take,by ufing a dole muffle, 
furrounding it as equally as pofiihle with the fuel, varying its 


portion with refpeft to the draught of air. See. proved kifuf- 
ficient for fecuring the necefiary equality of heat even through 
the fmall fpace concerned in thefe experiments. Nor had I 
sgny idea, before the difeovery of this thermometer, of the 
extreme difficulty, not to lay impracticability, of obtaining, 
in common fires, or in common furnaces, an uniform < heat 
through the extent even of a few inches. Incredible as this 
may appear at firft light, whoever will follow me in the opera¬ 
tions I have gone through, placing accurate meafures of the 
heat in different parts of one and the fame veffel, will foon be 
convinced of its truth, and that he can no otherwife expeft to 
communicate with certainty an equal heat to different pieces, 
than by ufing a fire of fuch magnitude as to exceed perhaps 
fome hundreds of times the bulk of the matters required to be 


heated. 

To fuch large body -of fire, therefore, after many fruitlels 
attempts in fmall furnaces, not a tittle difeouraging by the 
irregularity of their cefults, I at length had recourle, fitting up 
for. this purpofe an iron oven, ufed for the burning-on of ena¬ 
mel colours upon earthen ware, about four feet long, by two 
anda half wide, and three feet high, which is heated by the 
flame of wood conduced all found it. An iron muffle, four 
inches wide, two inches and three quarters high, and ten 
inches long, containing the gage and piece,, was placed in the 
middle of this oven, and the vacancy between them filled up 
with earthen ware, to increafe the quantity of ignited matter, 
and thereby communicate the heat more equably from the 
oven to the muffle. ; In fuch a fituation of. the muffle, in the 
• • center 
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-ceateffof wk «*fts more than five hundred times its own capa¬ 
city, it could nor well fail of being heated pretty uniformly, at. 
Jeafttferough the fmall fpaee which theft experiments re¬ 
quired; nor have I found any reafon to fufpef? that it was not fo. 

The gage being laid flat upon the bottom of the muffle, with 
the filver piece in the canal as before, fome of the clay ther¬ 
mometer pieces were fct on end upon the filver piece, with 
that aid of. each downwards which is marked to go foremoft in 
meafuringit; that is, they were in contaft with the filver in 
that part of their fur face by which their meafure is afterwards 
afcertained. 1 was fed to this precaution by an experiment I 
had made upon another occasion, in which a number of ther¬ 
mometer pieces having been fet upright upon an earthen-ware 
plate, over a fmall fire, till the plate became red-hot, aR the 
pieces were found diminifhed, fome of them more than two 
degrees, at the lower ends which refted upon the plate, whrlft 
the upper ends were as much enlarged, not having yet pafied the 
Rage of extenfion which, as obferved in the former paper, al¬ 
ways precedes the thermometric diminution : thus we fee how 
pun&ually every part of the piece obeys the heat that afts upon it. 

The fire about the oven was (lowly increaftd for fome hours, 
and kept as even and Ready as poffible, by an experienced fire¬ 
man, under my own infpe&iom Upon opening a fmall door, 
which had been made for introducing the apparatus, and look¬ 
ing in from time to time, it was obferved, that the muffle-, 
with the adjacent parts of the oven and ware, acquired a vifible 
rednefs at the fame time ; and in the progrefs of the operation, 
the eye could not diRinguifh the lead: diffimilarity in the afpeft 
of the diffeterttparts; whereas in fmall fires, the difference not 
only; between the two ends of the muffle, but in much left 
dtftances, is fuch as to ftrike the eye at once* , • " . -'' 

When 


$$8 4fc Mfmmm '*>4 

aswM <rf a,low **Uw«t, ftrh.j» mm 
judged Jocproe foUy within the pmnfWe ttf my thermometer, 
it w^^rawo forward, towards the door of fof* oven jutndiifca 
®#W door being then nimbly opened by an a&ftaat, I flamer 
ifa&y P uflwd kte piece a? far as it would go. gutasthe 
difdfion. which it, went to could not be diftinguifoed m that 
ignited Hate, £hp, muffle was lifted out, by means of an iron 
rpd pafied through two riagf made far that purpofe, with care 
tp keep it Heady, and avoid any ihake that might endanger foe 
difpiaciug of the fiver piece, . 

1 When grown ftfopfontly, (sold «Q he examined, l noted the 
degree of expanfion which the fiver piece Hood at, and the 
degree of heat Ihewn by the thermometer pieces measured in 
thfjr own gage; then returned the whole into the oven as be¬ 
fore, and repeated foe operation with a ftrongCr heat, to obtain 
appther point of correfpoadenqe on the two feales, 

The firft was «t a°i of my thermometer, which coincided 
with 66° of the mtetroediate one; and a? each of foefo laft 
has been before found to contain *o of Fahrenheit’*, the 
66 will contain ; to which add 50, the degree of his 
which foe 0 of the 'intermediate thermometer was ad- 
jldfofo' and the, fom, 137^, will be the degree of FAttteEfc* 
HUisr’sRormfpondb^ to my *°J, 

The foeond point of coim&lfoce was at 6°\ of unite, and 
9?° of thrintermediate; which pa being, according to <fo° 
above proponden, ej|«foatef>t to *d*o of F*wm$mVr, add p 
as before to this autnber, and my *6°* is found fo foil upon the 
i%oth degree of, Fahrenheit. 

|t appears frowfoejace, that an interval of 4 degrees upon nine 
is equivaJon^foem interval of #2<? 9 Upon his j ou»foq«eotly 1. of 
mine to 130 degree* ftf hk; «ad that the o of mine owre^oads 
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to hi* *©77°i, ■ Several dther trials were nude, which gave re* 
fults fo nearly alike, that I have little apprehenfion of any 
material error. 

From theie data it is eafy to reduce dther fcale to the other 
through their whole range; and from fuch reduftion it will 
appear, that an interval of near 480° remains between them, 
which the intermediate thermometer ferves as a meafure for ?* 
that mine includes an extent of about 32000 of Fahrenheit^ 
degrees, or about 54 times as much as that between the freez¬ 
ing and boiling points of mercury, by which mercurial ones 
are naturally limited; that if the fcale of mine be produced 
downwards, in the fame manner as we have fuppofed Fah¬ 
renheit’s to be produced upwards, for an ideal ftandard, the 
freezing point of water would fall nearly on 8° below o of 
mine, and the freezing point of mercury a little below 8°|; 
and that, therefore, of the extent of now meafurable heat, 
there are about -,^-ths of a degree of my fcale from the freez¬ 
ing of mercury to the freezing of water; 8* from the freezing 
of water to full ignition; and 16o° above this to the higheft 
degree I have hitherto attained. 

As we are now enabled to compare not only the higher de¬ 
grees among themfelves, and the lower among themfelves, 
upon their refpe&ive feales, but likewife the higher and lower 
with each other in every ftage, it may be proper to take a ge¬ 
neral view of the whole range of meafurable heat, as exprefled 
both in Fahrenheit's denominations and in mine; and foe 
this purpofe I have drawn up a little tahle of a few of the prin¬ 
cipal points that have been afeertained, to (hew their mutual 
relations or proportions to each other; any other points that 
have been, or hereafter may be, obferved, by thefe or any 
other known thermometers, may be inferted at pleafure. 

. Vol. LXXIV. Ccc Extremity 
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Extremity of the fcale of my thermometer 32*77° 240° 

Greateft heat of my fmall air-furnace 

- 21877 

160 

Caft iron melts - 

m 77 

130 

Greateft heat of a common fmith’s forge 

17327 


gelding heat of iron, greateft 

*3**7 

95 

—... - ■' - - leaft 

1*777 

9 ® , 

Fine gold melts - 

5137 

31 

Fine filver melts - - - 

4717 

28 

Swedifh copper melts *• 

45S7 

27 

Brafs melts - 

3807 

3 t 

Heat by which my enamel colours are burnt on 1857 

6 

Red-heat fully vifible in day-light 

1077 

0 

Red-heat fully vifible in the dark 

947 

1 

Mercury boils - 

6-0 

-3 6 7 | 

3 c it 

Water boils - - 

212 

6 6 ' B 
U TTVT 

Vital heat - 

97 

47 s 4 a 

Water freezes - 

33 

8 4 * 

° '5T1? 

Proof fpirit freezes 

- 0 

g a $ js 

The point at which mercury congeals,' 



Confequently the limit of mercurial J 

• about 40 

g s*<! 

, thermometers, - 1 - j 




To affift our conceptions of this fobjedf, it may be proper to 
view it in another light, and endeavour to prefent it to the 
eye; for numbers , on a high fcale, are with difficulty eftimated 
and compared by the mind. I have therefore completed the 
fcales of which a part is reprefented in fig. i. and 3. by conti¬ 
nuing the fame equal divifions, both upwards and downwards, 
as far as the rittooft limits of heat that have hitherto been 
attained arid meafured*. 

* Mr. W&dgwood prefcnted this, in the form of a rtry long roll, to the Society. 

1 * In 
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III a feale of heal drawn up, in this manner, the compara¬ 
tive extents, of the different departments of this grand and 
univerfal agent are rendered confpicuous at a fingle glance of 
the eye. We fee at once, for inftance, how ftnall a portion 
,of it is concerned in animal and vegetable life, and in the 
ordinary operations of nature. From freezing to vital heat is 
barely a five-hundredth part of the fcale j a quantity fo inconfi- 
derable, relatively to the whole, that in the higher ftages of 
ignition, ten times as much might be added or taken away, 
.without the leaft difference being difcernible in any of the 
appearances from which the intenfity of fire has hitherto beep 
judged of. From hence, at the fame time, we may be con¬ 
vinced of the utility and importance of a phyfical meafure for 
thefe higher degrees of heat, and the utter iiifufficiency of the 
common means of diferiminating and eftimating their force. I 
have too often found differences, affonifhing when confidered 
as a part of this fcale, in the heats of my own kilns and ovens, 
without being perceivable by the Workmen at the time, or till 
the ware was taken out of the kiln. 


SINCE the foregoing experiments were made, Ihavefeen 
a very curious Memoir by Meff. Lavoisier and De la Plac£, 
containing a method of meafuring heat by the quantity of ice 
which the heated body is capable of liquefying. The applica¬ 
tion of this important difeovery, as -an intermediate ftandard 

meafure between Fahrenheit's thermometer and mine, could 

* 

Hot efcape me, aind I immediately fet about preparing an app^- 
jatus, and making the experiments neceffary for that puf- 

Ccti pofe i 
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pofe; iu hopes either of attaining by this method a greater de¬ 
gree of accuracy than 1 could expeft from any other means, or 
of having what 1 had already doue confirmed by a' feries of 
experiments upon a different principle. 

" Bqt in the profecution of thefe experiments I have, tomy 
great mortification, hitherto failed of fuccels; and I IhouM 
have contented myfelf for the prefent with faying little more 
.than this, if fome phenomena had not occurred, which appear 
to me not Unworthy of farther inveftigation. 

The authors obferve, that if ice, cooled to whatever degree 
below the freezing point, be expofed to a warmer atmofphere, 
it will be brought up to the freezing point through irs whole 
mafs before any part of its furface begins to liquefy ; and that 
confequently ice, beginning to melt on the furface, will be 
always exactly of the fame temperature, viz. at the freezing 
point; and that if a heated body be incloled in a hollow fphere 
of fuch ice, the whole of its heat will be taken up in lique¬ 
fying the ice’; fb that if the ice be defended from external 
warmth, by furrounding it with other ice in a feparate veffel, 
the weight of the water produced from it will be exadfly pro¬ 
portional to the heat which the heated body has loft; or, in 
.other words, will be a true phyfical meafure of the heat. 

For applying thefe principles iu practice, they employ a tin 
veflel, divided, by upright concentric partitions, into three 
compartments, one within another. The innermoft compart¬ 
ment is a wire cage, for receiving the heated body. The fecond, 
furrounding this cage, is filled with pounded ice, to be melted 
by the heat; a^d theoutermoft is filled alio with pounded ice, to 
defend the former from the warmth of the atmofphere. The 
firft of thefe ice compartments terminates atbottom in a fterp 
like a funnel, through which the water is conveyed off; and 
the other ice compartment terminates in a feparate canal, for 
$ discharging 
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difcharging file water into which tkft ice b reduced. As ioon 
M the heated body b dropped into the cage; a cover b put on, 
which goes over both that and the firft ice compartment; 
which cover is itfelf a kind of (hallow vefiel, filled with 
pounded .ice, with holes in the bottom for permitting the water 
from this ice to pafs into the fecond compartment, all the 
liquefaction that happens here, as well as there, being the 
effe& of the heated body only. Over the whole is placed ano¬ 
ther cover with pounded ice, as a defence from external 
warmth. 

As foon as this difcovery came to my knowledge, cm the 23d 
of February, a thaw having begun three days before, after a 
froft which had continued with very little intermiflion from 
the 24th of December, I colle&ed a quantity of ice, and ftored 
it up in a large cafk in a cellar. 

I thought it neceffary to fatbfy myfelf in the firft place, by 
actual experiment, that ice, how cold foever it may be, comes 
up to the freezing point through its whole mafs before it be¬ 
gins to liquefy on the furface. For this purpofe I cooled a large 
fragment of ice, by a freezing mixture, to 17* of Fahren¬ 
heit’s thermometer, and then hung it up in a room whole 
temperature was 50®. When it began to drop, it was broken, 
and fame of the internal part nimbly pounded and applied to 
the bulb of a thermometer that was cooled by a freezing mix¬ 
ture below 30°. The thermometer rofe to, and continued at, 
3a 0 ; being then taken out, and raifed by warmth to 40 s , fome- 
more of the fame ice, applied as before to the bulb, funk it 
again to 32°; fo that no doubt could remain on this fubjedt. 

Apprehenfive that pouned ice, dire&ed by the authors',might 
imbibe and retain more or left of the water by capillary attraction, 
according to circumftanpes, and thereby occafion fome error in 
the refults, I thought it neceflary to fatisfy myfelf in this refpedfc 

alio 
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.alfo by experiment* l therefore pounded foa?e ice, and Liidft 
ia a conical heap on a plate; and having; at hand fome water, 
coloured with cochineal, 1 poured ft gently into the plate, St 
fome diftancs from the heap; as foan as it catneftv contad with 
the ice, ft rofe hailily up to the top; and on lifting up the 
lump, I found that ft held the water, fo taken up, as a fponge 
does, and did npt drop any part of it till the heat of my hand, 
as,I foppofe, began to liquefy the mafs. Ou further trials 1 
found, that in pounded ice preffed into a conical heap, the 
coloured water rofe, in the lpace of three minutes, to the 
height of two inches and a half; and by weighing the water 
employed, and what remained upon the plate unabforbed, it 
appeared, that four ounces of ice had thus taken up, and re¬ 
tained, one ounce of water. , 

To further afeertain this abforbiug power, in different cir- 
Cfmftances, mare, analogous to thofe of the procefs it felt, I 
jweffed fix ounces of pounded ic^ pretty hard into the funnel, 
having firft introduced a wooden core in order to leave a proper 
Cfvfty in the middle: then, taking out the core, and pouring 
announce of water upon the ice, I left the whole for half an 
hour; at the end of, which time the quantity that ran off was 
paly 1 2 pennyweights and 4 grains, fo that the igs had retained 
jj pennyweights and 20 grainy which is nearly one-tyveifth of 
fts Own weight, and two-fifths of the weight of the woter. 

Thefe previous trials determined me, inlfeaS of ufing pounded 
ice* to fill a proper veflel with a folid mafs of ice, by means of 
a freezing mixtufe, as the frofi was now gone,, and then expofe 
it to the atmc*fphure.till the fur face began to liquefy. Th« ap¬ 
paratus I fitted up for this purpofe was made of earthen ware 
well glazed, tend is reprefen ted in fig. 6. (tab. XV.). 
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‘j A, is a large fennel, filled with a fetid mafs of ice. B,a 
aavittr in the middle of this ace, formed, part of the way, by 
ferapbig with a knife, and for the remaining 1 part, by boring* 
with a hot iron wire. C, one of my thermometer pieces* 
which ferns for the heated body, and refts upon a, coil of brafs 
wires it had previoufly been burnt with ftrongjSre, that there 
might be no danger of its differing any further diminution of 
its bulk by being heated again for thefe experiments. D, a 
cork ftopper in the orifice of the fennel- E, the exterior veflel, 
having tire fpace between its fides and the included fennel A, 
filled with pounded ice, as a defence to the,ice in the fennel. 
F, a cover for this exterior veflel, filled with pounded ice for the 
fame purpofe. G, a cover for the funnel, filled alfo wife 
pounded ioe, with perforations in the bottom for allowing the 
water from this ice to pafs down into the funnel. 

The thermometer piece was heated in boiling water, taken 
op with a pair , of final! tongs equally heated, dropped in- 
ftantly into the cavity B, and the covers put on as expeditioufly 
as poffible; the bottom of the funnel being previoufly corked, 
that the water might be detained till it fhould part with all 
ks heat, and iikewife to prevent the water from the other ice, 
which ran devvu on the outfide of the fennel, from mingling 
wkh it. 

After ftmding about ten minutes, the funnel was taken out* 
wiped dry, and uncorked over a weighed cup: the water that 
Tan out weighed 22 grains. Thinking this quantity too fm«l 1 , 
as the £$ece Weighed 72 grains, i repeated the experiment^ and 
kept fee piece longer in the funnel; hot the water this rime 
weighed only 12 grains. Being much diffatisfied wkh thi$ 
refult, I made a third trial, continuing the piece much longer 
in fee cavity's buttbe quantity of water was now Ailitlefs, not 
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amounting to quite three drops; and, to my great furprife, I 
found the piece frozen to the ice, fo as not to he eafily got off, 
though, all the ice employed was, at the beginning of the expe¬ 
riment, in a thawing date. < v 

1 had prepared the apparatus for taking the boiling heat of 
mercury; but being entirely difitouraged by thefe very unequal 
refults, I gave that up, for the prelent at leaft, and heating 
the piece to 6° of my thermometer, turned it nimbly out of 
the cafe in which it Was heated into tjhe cavity, ’ throwing 
feme fragments of ice over it. In about half an hour, I drew, 
off the water, which amounted to n pennyweights; then. 
Hopping the funnel again, and replacing the covers, I left the 
whole about feven hours. 

At the end of that time, I found a confiderable quantity of 
water in the funnel: the melting of the ice had produced a 
cavity between it and the fides, great part of the way down, 
which, as well as that in the middle, .was nearly full. The 
water neverthelefs ran out fo (lowly, that I apprehended fbme- 
thing had Hopped the narrow end of the funnel, but the true, 
caufe became afterwards apparent upon examining the (late of 
the ice.’ The fragments which I had thrown over the thermo¬ 
meter piece were frozen entirely together, and in fuch a form as 
they could not have aflumed without frefh water fuperadded and 
frozen upon them, for the cavities between them were partly 
filled with ndw ice. I endeavoured to take the ice, out with 
my fingers, hut in vain; and it was with fume difficulty 1 
could force it afunder even with a pointed knife, to get at the. 
thermometer piece.. When that was got out, great part of 
the coiled wire was found enveloped in new ice. The paflage 
through the ice to, the Hem of the funnel, which 1 had made 
pretty wide with a thick iron wire red-hot, was fo nearly doled 
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up, that the flow draining ofF of the water was now fufficiently 
accounted for, and indeed this draining was the only apparent 
mart pf any paflage at all. On taking the ice out of the fun¬ 
nel, and breaking it to examine this canal, I found it almoft 
entirely filled up with ice proje&ing from the folid mafs in cry- 
ftalline forms, fimilar in appearance to the cryftals we often 
meet with in the cavities of flints and quarzofe ftones. 

If, after all thefe circumftances, any doubt could have re¬ 
mained of the ice* in queftion being a new production, a fail 
which I now obferved muff have removed all fufpicion. I 
.found a coating of ice, of confiderable extent and perfeCUy 
tranfparent, about a tenth of an inch in thicknefs, upon the 
outfide of the funnel, and on a part of it which was not in 
contad with the furrounding ice, for that was melted to the 
diftance ©f an inch from it. 

Some of the ice being fcraped off from the infide of the 
funnel, and applied to the bulb of the thermometer, the mer¬ 
cury funkfrom 50° to 3 2°, and continued at that point till the 
ice was melted; after which, the water being poured off, it 
rofe in a little time to 47 0 . 

Aftoniflted at thefe appearances, of the water freezing after 
it had been melted, though furrounded with ice in a melting 
ffate, and in, an atmofphere about 50°, where no part of the 
apparatus or materials could be fuppofed to be lower than the 
freezing point* I fufpeCted at fir ft that fome of the fait of the 
freezing mixture might have got into the water, and that this, 
ip diflolving, might perhaps abforb,, from the parts contiguous 
to it, a greater proportion of heat than the ice of pure water 
docs. But the water betrayed nothing faline to the tafte, and 
I had applied the freezing mixture with my own hands with 
great care, to prevent any of it being mixed with the \yater. 
Voju.LXXIV. Ddd To 
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To remove all doubts, however, upon this point, I purpofed 
repeating the experiment with fome pieces of the ice I had 
fiort<J up f in the cellar, to fee if this would congeal, after 
({tawing, in the fame manner. But going to fetch the ice, and 
examining it in the calk in which it was kept,. I was pqrfeftly 
Satisfied with- the appearances I found there; for, though much 
of it was melted, yet the fragments were frozen together, fo 
that it was with difficulty T could break or get out any pieces 
of it with an iron-fpade; and, when lb brokin, it had the ap¬ 
pearance of breccia marble or plum-pudding 13 one, for the 
fragments-had been btoken and rammed into the calk with an 
iron mall. 

' A porcelain cup being laid upon fome of this ice about half 
an hour, in a room wliofe temperature was 50°, it was found 
pretty firmly adhering, and ,when pulled off, the ice exhibited 
an exnft impreffion, of tire fluted part of the cup which it had 
bepn in contact with; fo that the ice muff neceflarily have 
liquefied firft, and afterwards congealed again. This was re¬ 
peated fcveral times, with the fame event. Fragments of the 
ice were likewife applied to one another, to fponges, to pieces 
of flannel and of linen cloth, both moift and dry: all thefe, in 
a few* feconds, began to oohere, and in about a minute were 
frozen fo> as to require fome force, to feparate them. Alter 
ftanding an hour, the cohefion was fo firm, that on pulling 
away the fragments of ice from the woollen and" fponge, they 
tore off with them' that part of the furface which they were 
iii contaft with, though at the fame time both the fponge and 
flannel were filled with water which that very ice had pro-* 
duced. , 

To malce fome eftimate of the force of the congelation, 
which was ftronger on the two bodies laft mentioned than on 
5 linen,, 
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linen, l applied a piece of ice to a piece of dry flannel which 
Weighed two .pennyweights and a half, and furrouiided them 
with other ice. After lying together three quaiters of an 
hour, taking the piece of ice in my hand and hooking the flan¬ 
nel to a fcale, I found a weight 'of five ounces to be neceflary 
for pulling it ofl^ and yet fo much of the ice had liquefied ,as 
to increale the weight of the.flannel above 12 pennyweights. 1' 
then weighed the piece of ice, put them together again, and 
four hours after found them frozen fo firmly as to require j% 
ounces for their reparation, although, from 42 pennyweights 
of the ice, 15 more had melted off: the fur face of contact was 
at this time nearly a fquare inch. I continued them again toge¬ 
ther for feven hours; but they now bore only 62 ounces, the 
ice being diminiflied to 14 pennyweights, and the furface of 
contact reduced to about fix-tenths of a fquare inch. 

Having feen before that pounded ice abforbs water in very 
confiderable quantity, I fufpe&cd that fomething of the fame 
-kind might take place even with entire mafles; and experiment 
foon convinced me, that even apparently folid pieces of ice will 
imbibe water, flower or quicker according to its ftage of decay. 
I have repeatedly heated fonne of my thermometer pieces, and 
kid them upon ice, in which they xpade cavities of confidera¬ 
ble depth, but the water was-always abforbed, fometimes as 
fail as it was produced, leaving both the piece and the cavity 
•dry. 

Thus, though I cannot fufficiently exprefs how much I ad¬ 
mire the.difeovery -that gave rife to thefe experiments, I have, 
neverthelefs to lament -my not being able to avail myfelf of it 
at prefent for the purpetfe f wifhed to apply it to. 

That iri my experiments the two feemingly oppofite prdeeff s 
-of nature, congelation and liquefaction, went on together, at 
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the fame ihtfaut, in the fame veflel, and even In the fame 
fragment of Ice, is a fad of which I have the fulleft eVideoce 
that pay fenfes cap give me; and I fhall take the liberty of fug- 
gefttng a few hints, which may tend perhaps to elucidate their 
cattle, and to fhevv that they are hot lb incompatible as atfirft 
fyjht they appear to be. 

It occurred to me at firft, that'water highly attenuated and 
cGvided, as when reduced into vapour, may freeze with a lefs 
degree of cold than water in its aggregate or grofler form ; 
hence hoar-froft is obferved upon grafs, trees, &c. at times 
when there is no appearance of ice upon water, and when the 
thermometer is above the freezing point*. Boerijaave, I 
find, in his elaborate theory of fire, afligns 33* as the freezing 
point of vapour, and even of water when divided only by being 
imbibed in a linen cloth. 

^ I am aware, that experiments and obfervationt of this kind are not fully 
deciftvc; that the atmosphere miy, in certain circumftances, be much warmer or 
colder than the earth and waters* which, in virtue of their denfiry, are far more 
retentive of the temperature they have once received, and lefs fufcepxible of 
tfan&esit impreffions ; that even infeniible undulations of water, from the ftighteft 
motion of the air, by bringing up warmer furfaces from below, may prove a further 
impediment to the freezing; and, therefore, that the degree of cold, which is 
fuftcient to produce hoar*froft, may poflibly, if continued long enough, be fulfi- 
cient alfo to produce ice 1 am not acquainted with any fatisfa&ory experiments 
or obfervations yet made upon the fubje&; nor do I advance the principle as a 
certain, bat as a probable one, which occurred to me at the moment, which it 
countenanced by 'general obfervation, and consentaneous to many known fa€ts; 
for there are numerous inflauces of bodies, in an extreme Hate of divifion* 
yielding eaiily to chemical agents which, before fuch divifion, they entirely t 
thus fbme precipitates, in the vety fubtile ftatc in which they are at firft extricated 
from their difTolvents, are re-diffolved by other menftrua, whicly after their 
fpneretion into fenhblc molecule, have no adtion upon them at all. 

7 Now, 
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•Now,? as the atmofphere abounds with watery vapour, or 
water ffiflolved sod chemically combined, and muft be parti¬ 
cularly loaded with it in the neighbourhood of melting ice; 
as the heated body introduced into the funnel muft necefi'arily 
convert a portion of the ice or water there into vapour; and 
as ice is known to melt as loon as the heat begins to exceed 32 0 , 
or nearly one degree lower than the freezing point of uapour; 
I think we may from hence deduce, pretty fatisfa&orily, all 
the phaenomefta I have obferved. For it naturally follows 
from thefe principles, that vapour may freeze where ice is 
melting; that the vapour may congeal even upon the fur face 
of the melting ice itfelf; and that the heat which (agreeably 
to the ingenious theory of Dr. Black) it emits in freezing, 
may contribute to the further liquefaction of that very ice upon 
which the new congelation is formed. 

I would further obferve, that the freezing of water is at¬ 
tended with plentiful evaporation in a dole as wdl as an 
open veflel, the vapour in the former condenfing into drops on 
the under fide of the cover, which either continue in the form 
of water, or allume that of ice or a kind of fnow, according 
to circumftances * ; which evaporation may perhaps be attri¬ 
buted to the heat that was combined with the water, at this 
moment rapidly making its efcape, and carrying part of the 
aqueous fluid off with it. We are hence furnilhed with a frelh 
and continual fource of vapour as well as of heat; lo that the 
procefles of liquefa&ion and congelation may go on uninter¬ 
ruptedly together, and even neccffarily accompany one another, 
although, as the freezing muft be in an under proportion to the 
melting, the whole of the ipe muft ultimately be coniumed. 

* See Mr. Ba&om'* paper on this fubjeft, n the Memoire* of the Academy 
of Science* at Pari* for the year 1753. 
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In the remarkable inftance of the coating of ice on the oat- 
fide of the throat of the funnel, there are lbme (other circum-. 
fiances which it may be proper to take notice of. Neither the 
cover of the outer veflel, nor the aperture in its bottom which- 
the flem of the funnel paffed through, were air-tight, and the 
melting of the furrounding ice had left a vacancy of about an - 
inch round that part of the funnel on which the cruft had 
formed. As there was, therefore, a paflage for air through the 
veflel, a circulation of it would probably take place : the cold 
and denfe air in the veflel would defeend into the rarer air of 
the room then about 50°, and be replaced by air from above., 
The effedt of this circulation and fudden refrigeration of the 
ait will be a condenfation of part of the moilture it contains 
upon the bodies it is in contact with : the throat of the funnel, 
being one of thole bodies, muft receive its fhare.; and the de¬ 
gree of cold in which the ice thaws being fuppofed fufficient 
for the freezing of this moift vapour, the contact, condenfa-, 
tion, and freezing, may happen at the fame inftant. 

The fame principles apply to every inftance of congelation 
that took place in thefe experiments; and a recollection of par¬ 
ticulars which palled .under my own eye convinces me, that 
the congelation was ftrongeft .in thole -circumftanpes where va¬ 
pour was molt abundant, and on thofe bodies which, from 
their natural or mechauic ftructure, were capacious of the 
greateft quantity of it; ftronger, for -inftance, on fponge 
than on woollen, ftronger on this than on the clofer texture of 
linen, and far ftronger .on all thefe than on the compact furface 
of porcelain. 

If, neverthelefs, the principle I have affumed (that water 
.highly attenuated will congeal with a lefs degree of cold than 
water in the mafs) fhould not be admitted; another has above 
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keen hinted at, which: experiments have decidedly eflablifhed, 
from which the phenomena may perhaps be equally accounted 
for, and which, even though the other alio is received, muft 
be fuppofed to concur for fome part of the effect; I mean, that 
evaporation produces cold ; both vapour and fleam carrying off 
fome proportion of heat from the body which produces them. 
If, therefore, evaporation be made to take place upon the fur- 
face of ice, the contiguous ice will thereby be rendered colder ; 
and as it is already at the freezing point, the fmalleft increafe 
of cold will be fufficicnt for frefh congelation. It feems to be 
on this principle that the formation of ice is effe&ed in the 
Eaft Indies, by expofmg water to a ferene air, at the coldeft 
feafon of the year, in lhallow porous earthen veffels: part of 
the water trauludes through the veflel, and evaporating from 
the outfide, the remainder in the veflel becomes cold enough to • 
freeze; the warmth of'the earth being at the fame time in¬ 
tercepted by the veflels being placed upon bodies little difpofed 
to conduct heat *. If ice is thus producible in a climate where 
natural ice is never Teen, we need not wonder that congelation, 
fhould take place where the fame principle operates amidft 
aiflual ice. 

It has been obferved above, that the heat emitted by the 
congealing vapour probably** unites with and liquefies conti¬ 
guous portions of ice; but whether the whole, either of the 
heat fo emitted, or of that originally introduced into the fun¬ 
nel, is thus taken up; how often it may unite with other por¬ 
tions of ice, and be driven out from other new congelations; 
whether there exifts-auy difference in its chemical affinity or 

* Sec a deferiptiou of: this procefs in the Philofophical Tranfa&ion« f vol. 
IiXV* p* 2 
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derive attra&kra to water in different ftates and the conti¬ 
guous bodies; whether part of it may not ultimately efcape, 
without performing the office expected from it upon the ice; 
and to what diftance from the evaporating furface the refri¬ 
gerating effeft of the evaporation may extend; mu ft be left 
for further experiments to determine. 
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<T’BE ftm S being given, to fnd a feries of which & is the 

‘ M- ' . ;** ' V “ 


1. Rfethice the fum & mtoa converging" feries, proceeding 
according to the dmfenfions of any fmail quail tkies, and it is 
done. For example: lei any algebraical function S of an un¬ 
known of fmail quantity x be affumed, reduce it into a con¬ 
verging feries proceeding according to the dimenfions of x, and 
there refults a feries whole fum is S. a. Let A, B, C, &c. be 
algebraical fqhflfiopsof a?; reduce the fh.x % fp>x,fCx, See. 
into a converging feries, proceeding according to t;he diraen- 
fions of x , and the problem is done. 

It is always neceffary to find the values of x, between which 
the abovementioned fedelbs converge. Reduce the t algebraical 
function S in the fir ft example, and the algebraical junctions 
A* B, C, &c. in die fecond into their loweft terms; and in Inch 
a manner, that- the quantities contained in the nqmefildr 
and denominator may have no denominator: ,makjs the denb- 
Vol. LXXIV. " Eee * rmnator 
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minator in the firft example, and the denominator in the ft- 
cond, and every diftintt irrational quantity contained in then* 
refpe&ively =0; andalfo everydiftmft krataonai quantity con¬ 
tained in the numerators «* o. Suppofe as the lead root* affir¬ 
mative or negative (but not »»o)r of the abovementioned re- 
fultiag equations; then a fewes afeendkg according to the di- 
menfioHS of * wUi always converge, if the value of x 
is contained between a and but if x be greater 

than a. or -«, the abovementioned feries will diverge.. Let 
?r be the greateft root of -the abovementioned refulting equa¬ 
tions ; then a feries defending according to the reciprocal di- 
menfioris of x will converge, if x be greater than =t ir ; but, if 
lefs, not. When impoffible roots a— 6 *?— a are contained in, 
the equations, an attending ferifes will converge, if x be lefs 
than the leaft root =±= «, and =45 and 3 = (a+S); or 

USctfe generally, if x be kfs rfuuvthe laaii root ^ *, a»>d ^*+* 
at an infinite diflaace «, be infinite]# kfs than 

2 a *—2 . n . — (*♦“"* 2 . » . «•' • 1 * « *«■ • Cco, 

2 2 3 4 

, - * * - 

a defending feries will always converge*, when » is greater 

than the v grealeft foot of the refulting equations ? and x*—\ 

when n is infinite, is infinitely greater than (4 <f^)* and (4 - fyi. 

or rriore generally than %a'— % n. + .^~~ T 

2 3 3 

dec*. 

4 

This follows ffbm Caput 3. of the Meditationes Algebraicae* 
Cor. It appears from hence, that, if the afeending ferae* 
converges, the defending will diverge; and, vice vtrfd* if the 
defeending converges, the afeending will diverge* unkfs all the 
loots of the above-mentioned refulting equations mxf be deemed 

' " of 


of equal ma^iknde, as-f* and m »v^-"i, &c. andx=«; 
in which cafe fometimes both feriefes may become the fame 
converging lories, Src. 

When *, in the preceding cafes, Is equal to the leaft or 
greateft root, the feries will (ofnetintes converge, and fome- 
times not, as is (hewn in the ahovewnentiane^ chapter. \Vhe- 
ther 'the fum of a feries, whofe general term it given, can be 
found or not, will in many cafes appear from the law of the 
multinomial* and other more general feriefes.. . 

2. There afe ieriefes which always converge,' Whatever may 

fi ij fU 4 * L * * . I ( > *a i > rj y j>i i I 

be the value of x» as, for example, the leries 14-* + 

% * 3 
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-~/*&c.ori +~i + ^j+- 4 +&c. &c. always converge, 
S ^34 


whatever may be the value of x ; but it may be obferved, that 
thefe feriefes never arife from the expanfion of algebraical 
functions of *, or the before-mentioned fluents! but, in a few 
cafes, they may from fluxional equations. There are alfo 
feriefes which never Converge as 14-1.1*4-1*2.3*’ 
; 4\J .2.3.4**4- dec, to which the preceding remark may be 

3. In the year 1737 feme papers, which contained the fort: 
edition Of my Meditationes Algebraicae, were fent to the Royal 
Society, In which was contained the following rule, viz- let S 
be a given fun£Hou of the quantity x* which expand into a 
fories (f 4-.&*+ cx m + See.) proceeding according to the dimen- 
fiQfitft.qf quantity 3 , for *" writer*", fix", yx”, See. 

where «, y t &q. ate roots Of the equation x n - 1 *0'; and 
let the resulting quantities ibe A, 8, C, D, &c. then “will 

n > T> t r» I TN I •. * F J p V i jjii » - U ' * * t 

. be equal to the fom of the firft, 2«+ 3 * 4 -t» 

fee. terms in infinitum* This method, in the preface to the 

E eel 1 iaft 
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X + € +ft #2 X &C. X* +/ X *-.+/+ ** # #^/+ / . 

*+/+*»- i ? x &c. ®D, where sir, «/, ^ &c.; p, &e.-aro 


*+/+«*- i x &c. ®D, where sir, s/, ^ &c.; p, fitC.-aro 

whole numbers; and the general term is 

»T"; then, if the dimenfions of * in the numerator be 
lefs than its dimenfions in the denominator, will T" = 

r . . «' . «" r 

^+(7+77+71+7? • * * r 7 s+t + * +/*■ (m 7 ? T u+ 7 ? ' 


r . . «' . «" -r^ . e . er , r 

^ + ( 7+7? + (ThF * * **+/ ; (^7?' ’ * 

;t>-) + *” 

and in general there will be included all terms of the formula;* 

A(g+«+«y»-f/) * ; 

( 6+7 • (*+»+i)* • • . (a+«+*). 

—B&Ltc±aCzten±~-., icc. 

(*+// • <*+/+ i) f • • • (*+/+»")* 

? - c fa+< 4 -? 4 '"f~ (» +«+r)0 rr .. & c# 

(*+r*H-iy * • • (a +i+n+1"y H 


where A, B, C, See. «,&o* & &c. >, 0 , &c. denote in* 

variable quantifies t -and See. are whole numbers not 

greater than sr,^, v* &c. refpe&ively; and r, jr'* Sec. am 
whole numbers not greater than » -1, w- 1 , See. 

If dll she quantifies u, m\ u". See. & 0 \ Sec. See. are 

■= o, the ‘fum «f the feries can be exprefled in finite terms of 
the quantity *j otherwise not; and alio if h be lefs than fire 
dimenfions of sin the denominator by two or snore* then will 
* + /3 + Sec. =so, otherwife the fum would be infinite. 

From ?r + 7r'+f 4- &c. -1 independent futas of infinity fe- 
riefes of this kind can be deduced the fums of all infinite 
aferiefes of the fame kind. 
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This method may be extended to infinite feries* in which 
exponentials as rf-are contained* which will eafily be feen from 
fome fubfequent propofitions; but in my opinion the fubfequent 
method of 'finding the fum of feriefes is $0 be preferred to the 
preceding one, both tor its generality and facility. 

6. 1. Let the general term be (az h + bz h ~ l •+■ cz 4- *+&c.) x ’ 
(z+r)~*. (z + r + i) -1 . (z+^+2)"“**. . . (z + r+#-i)— 1 ; 
where b is a whole number lefs thpn n by two or more, when 
the fum of an infinite feries is required. 

Afl’ume for the fum the quantity (z+•*)“■*. (z + f+i)~*. 
(2 +e + 2) 1 ... (a + e + n - tiy-' y («**’ + jS* 4 '- 1 + + &c.); 

find the difference between this fum and its fucceflive one 
(z+e+ iy~' <{z+e+z )- 1 . (z+e +$)-'... (zqV+w-i)-* 

—. , fat ^ j * 

'x(az +1 -f/ 3 » + i + &c.) r which will be 1 . 
(z + e+ i)~* . (* + * + *Y' • • * (z + e + «-l)-« x (iT+7x 
(*«+ u +$%+ i~~ l + &c.) -z + r+«- x x +j 3 z 4 ’“ -t -f&c.) 
= b'-n+ia.z h ' &c.); then make the terms of this dif¬ 
ference equal t6 the correfpondent terms of the given quantity 
az 4 +^z 4 "" 1 + &c. and there refult b’ — b,- b - ?i +1 x« zza, and 
confequently , &c. 

2. Let the general term be (z+e) - * 1 . (z-fe-fi)-* . 
(a + ff a)^ . . -(ss+r + »- i)""* * (z + /)~* .(z+f+i )- 1 . 
(z+/+1) 1 - 1 ...(2 + f+tit- i)-* x(<ia 4 + bz *- 1 + cz k ~* +&c.). 
Aflume the quantity (a+e)r J .(s+r+i) -, ...(« + r+a-2)"" 1 
X (Z+/)- 1 . (a+/+ 1)-*. (z+f+ 2)- 1 . . (Z+/+W-2)- 1 
X (***'+£***■** +&C.) for the fum of die feries fought; 

and thence deduce the general term, which fuppofe equal to the 
given general term, and from equating their eorrefponding parts 
eafily can be deduced the index b' and co-efficients a, / 3 , y, &c. 
and confequently the fum of the feries fought, 

3. Le 



.§p • BkWk%psn\mi& 

£$.th£|*eheral terra reduced ,fo its tevrafcnfimehfioti#be 

—X&±-r' ' * ■ r* ' - ! ' 1_* j ,i- • - /; - .{ 

rjs^4ar ^... ^ +,/ + «*-t ir e x *+£ ;xz^iT’h 1 ' x ,*t .» 
z-kg + i— i, x’&&. x (^72*-+ $2*“ * + cs 4 ”* + &c.V.' If it be're- 

, „ id 4- * 4 1 «L r 


§uke<ji reduce ^he tdrin r$,+f \ &c. to a conformity with 


f ^^ , ■ *■ —g 

tke'rfeft, “for rH +J 7 f ,V&c. * fifofiitute 2-f- A k &c. and it 
is idone. Affume for the/ integral nr •furn the quantity 
S = s.-h/. , z + £+T ir ... 2<+;^V+-ff~;'2 -x rz+f i . ns+r+y 5 . . 


rz + m— 2 *-~+f * x%+g f-£ + i . . . *+£ + /— 2 r xj 
&c. x (az t '+jGz** -1 + &c.) — S, End its fueceffiveffum by writing 
x +1' for z in the fum S, and.' let' the quantity tefulting be 
S'; thep will the general term .be S - S', which equate to the 
given-.general term, that is, their correfpondent quantities; 
and thence, may be deduped the index h' and co-efficients *, 0 , 
See .; and confequently the fum.fought. If the ferifcs does not 
terminate, then the fum will be expreffed by a leries proceeding 
in infinitum , according to the reciprocal dimensions of z, ‘ 
From 7T+f + o- + &c. - i independent integrals, of the 
above-mentioned kind can be deduced the integrals, of aU quan¬ 
tities, of the fame kind ; that is, where h is any whole affirma¬ 
tive number whatever, and the co-efficients, a, b, c, dec. are 
any how varied. 

If any fadlor ^z+g in the denominator. See. has no other 
« +g+!~ i» wfoch differs from it by a whole number / - i; or 
the fodtor r% +fi has no correfpondent fadtor r% +f + mr, where 
mis a whole number; then the integral of the above-mentioned 
ieries cannotbe exprefled in finite terms of the quantity z. Ill 
like manner, if the dimenfions of z in the, numerator are lefs 

than 
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than its dimenfions in the denominator by unity, then the in¬ 
tegral of the general term cannot be expreflfed by a finite alge¬ 
braical fun&ion of z. If the number of terms to be added be 
infinite, it is well known that the fum in this cafe will be 
infinite. 

It may be obferved, that in finding the fum of a feries, 
whofe general term is given, all common divifors of the nume¬ 
rator and denominator muff be rejected, otherwife feriefes may 
appear difficult to be fummed, which are very eafy : for exam- 


+ 


pie, let the feries be — 

+ &c. = — ( -I-+-—-g-f 

3 V I.2.4 • 5 4 •5.7.8 


a.3.4.5 ' 4.5.6.7.8 
2 ■ 3 


general term is 


4 • S 4-5-7 
z+ 1 


7 . 8 . 9 . 10. 11 
•&c.), whofe 


7 . 8 . to . 11 

; and by affuming, as 


3*+ 1 - 3*+4*3»+2 . 3 Z+S 
s before taught, 32+1 ' x 32 + 2 ' x a for the fum fought; 
and finding its general term 32+ 1 * x 32 + 4 * x 32+ 2x' 
32 + 5 *x 18 55 +1 x «, which equating to the general term 
given, there refults i8«= i, and the fum fought = \ * 

15 


32+1.3*42 

Ex. 2. Let the feries be 


>4 


*-3-4-5 


55 


140 


5.6.7 . 8.9 

9 . 10 . II . 12 . 13 * 13 . 14. . IS . . 17 "** &C *“^ (r. 5 + s • 

—- • 1 . ■+ &c.\ of which the general term is -7 
9 • *3 *3 • *7 ' ° 24 

; and confequently the fum deduced is -- x 


• 4* 5 

Ix-i-. 

4 1 


Thefe are feriefes given by Mr. Dfi Moivke, and efteemed 
by Dr. Taylor altiorh indaginis. 

Vol. LXXIV. Fff Some 
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Some other writers have made feme feriefes. to appear more 
difficult to be fummed, by not reducing them to their loweft 
terms. 

7. Having given the principles of a general method of find¬ 
ing the fum of a feries, when its general term can be exprefled 
by algebraical, and not exponential, functions of a, the dis¬ 
tance from the firft term of the feries; it remains to perform 
the fame when exponentials are included. 

1. Let S the lum be any algebraical fundtion of a multi¬ 
plied into e z = x* ; then will the general term be S<? a — eSV* = 
(S — eS')e z ; whence, from tire general term TV* being given, 
a flume quantities in the fame manner (with the fame denomi¬ 
nator, &c.) as when no exponential was involved, which 
multiplied into e K , fuppofe to be the fum; from the fum find 
its general term, and equate it to the given one by equating 
their correspondent co-efficients, and it is done. 

Ex. Let the general term be xe*+*: aflume for - 

the fum fought x ** +, » whence the general term is 


(— 

V2S+I 


etc \ J 5 + 1 _ 2*( I — 3*— ete 




c — 


x <?*+'; equate it to the 


23 + 3 / 2Z+I . 2Z + 3 

given term, and there refults 2« (1 — r) = 1 and — 

and cohlequently e— *. and »— 1 , if the Series can be fummed. 

The fame observation, viz. that if any fadtor in the deno¬ 
minator or irrational quantity have no other correspondent to 
it; for example, if the fadlor be z+g, and there is no cor- 
refpondent one x +g -f w, where n is a whole number, then its 
integral cannot be exprefled by a finite algebraical function 
of ». 

In the fame manner may thfc fums be found, when the terms 
are exponentials of Superior orders; for the exponential, irra- 
6 tional. 
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tional, &c. quantities in the denominators of the fums may be 
eafily deduced from the preceding principles; and thence, "by 
proceeding as is before taught, the fum required. 

The principles of all thefe cafe3 have been given in the 
Meditationes. 

8. Mr. James Bernoulli found fummable feriefes by 
afluming a feries V, whofe terms at an infinite diftance are 
infinitely little, and fubtra&ing the feries diminilhed by any 
number (/) of terms from the feries itfelf, &c. 

It is obferved in the Meditationes, that if T («), T (/» + «), 
T (/« + » +?/), T (/» + » + «'+ «''), &c. be the terms at m, 
rn + n, tn + n + n', m + n + n' + n ", &c. diftances from the firft, 
and aT (w) + bT (;» + n) +cT («? + n +«') 4- dT (m + « + n' -f 
«") + &c. be the general term, it will be fummable, when 
a+b+c+d+ &c. a* o; the fum of the feries will be a(T (tw) + T 
(/» 4 -i)+T(r»-f- 2 )+ • • • -\-T (nt-\-n-\*n'-\-n" c.—1)) 
(m -j— n) -|— T (m -b n -j— 1 ) T ... -}-T 

(m-\-n-\-ri -\-n" -f-&c. - 1)) -|~£-(T(wa-J- ')+T{tn-\-n-\-n' 1) 
+ • • (T(w-f-»+» / +» // +&c.~ i))-b&c. = H. If the fum 
jt-\-b-{-c-\-d-\-lx.c. be not = o, and the feries T(w)4-T(ot-|-i) 
-J-Tfm- 4 - 2 ) in infinitum be a converging one = S, then 

will the fum of the refulting feries be {a-\-bJ r c-\-d-\-&cc.') 

S - (b+c + d + & c.) (T* . . . +T-+—•) - (c + J+& c.) 
(TH-»... x-+"+"—) - (d+ &c.)(T”+”+ n ' + ... T”+"+”+"'—) 
k -&c. 

8. a. Let the feries V confift of terms, which have only one 
fe&or in the denominator, and its numerator = 1 ; that is, let 

the general term be —L-, and the feries confequently 

!—1—I—I— l —L&c. = V; from the before-mentioned addition 
t 1 2r+t 1 

or fubtra&ion there follows ^4-^+7 +rT^7+i + &C,= 

F f f 2 <»*• + 



»9& 


oe.55 4 0Z + yx 
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4&c. 


—— . . . „ , where m is not greater than the 

number (N) of fadtors in the denominator dlminifhed by unity. 
From «, / 3 , y, &c. r and e heing given, eafily can be acquired by- 
fimple equations, or known theorems, the required co-efficients 
a, b, c, &c. If w = N- i and « and a-\-b-\- c-H</-|-&c. = o, 
then the fum of the feries refulting will be finite. 

8. 2. If the terms of the feries affirmed - _ ——f—I- l 

J e r + e 2 r + e ^r + e 

&c. be alternately affirmative and negative; then 


by the preceding cafe find - 


m , m —i 

a k + @z +yr -f &C* 


z + c * rz + r+e . rz4 2r4-*4-&c. 

——I--—- 4 -~-p&c. Where the terms of the refult- 

rz + e iz 4 ? +* rz+ 2 r+e 

ing feries are alternately affirmative and negative, let the 
two fubfequent terms be fuppofed 


az 4 -f-yss -|-Ac* 


ra+e . rz + r + e 
m —x 


rz-f * — \r + t 
2 


+ 


+ £c. 


rz+e rz + r+e 
a , b 


+ &c. and a ? + 1 -+J *± l — +?* 1 .. 

1 rz + r+e . rz + £r +4 rz + nr + e 

. + &c. of which the one is affirmative and the 

rz + r + e 1 rz4 2 ^ 4 * 

other negative : reduce the refulting feries to-an affirmative one 
by fubtra&ing the fubfequent term from its preceding, and it be- 

(rz -fr »r+t) 1 -i-&ec.)—(rz+e-) i” '+icct) 


comes 


rz + e « rz4r4* • rz+* 2 r 4* *. „ rz + rn^e 


n—?nr*z^ 4&c. 


_- , , , + ~r~r + & c In this 

rz + e . rz + r + e .. rz + rn + e rz + e 1 rz + r + e 

cafe, fince two terms are added into one, the diftance from the 


firft term of the feries will be z -, which fuppofe = w ; and write 
2w for b in the above-mentioned term', and- there refulte 

n — rnraz m +&cc. _ n — mra.y t 2 m w m +tcc. ^ 

rz+t . ’rz + T+t . rZ+nT+t ~~~2 ''«' + < . a rw+r+t . . . 2 'W+nr+t 

a 


2 TW+*e 



2 rw+t 2 rw 
general term is 
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~' t — + &c.: whence the fum of any feries, whole 

+ r-f-f y 

where m is a 


a'w m +t' to" ’+&c. 


2 rw-\-e . 2rw + r+« . . . 2rui4-nr + « ’ 
whole number lefs than « by two or more, and w the diftance 
from the firft term-of the feries can be found from the fum of 


the leries --—|—— 

t r-\-e 2 r+e 


--h &C. 

$r+e 


g. Let there, be two feriefes - - 4 - —- -i—-— 

e e+r e + 2r 


+ &c. =r S and 


^ ~ —f-~—f-~—+ &c. = S', whofe general terms are re- 

/ f+r f+ zr f+S r 

fpe&ively H—-— and + -f — ; then from the fom of thefe two 

feriefes can be collected the fum of any feries, whole general 
term is 


a Z* "4" (3z m * + S£C 


rz+e.rz + e+r .rz + e+ 2r... rz+n~ir+ eXrz+f. rz + r+f... rz +f+m- ir 


_ a 


+ ■ 


rz-\-e ' tz + e + 2 r 

c M 


• • • 4 


+ 


i' 


+ 


rz+n — lr + e r ^+f 'z-j-r+f 

; where e -f is not a whole num- 


rz + 2r+/* ' ' * rz+m _ lr+ f 

ber. Let a-\-b-\-c .. -j-x = o, and + ..+^ — o, then 

the fum will be a ( ~ —) — •.. + rrL -— ) -f b (—- 1 --— 

\r%4-* rz-\-r+t rz*f —+ v 


+ 


r»4- e + 2 r 

rz + 


- ) + C f—1 

i — 2 r + e/ \rz + e 


+ 


i 


rz+n — 2r + i 

»-2r + < }*^^ £C *"^ ^ (rz+f+ rz + r+f ’ ’ * rz+m- 2 r+f ) 


+ 2 r ‘ rz-\-e-\*y 
i 


+ • • + 


(,1^+ • ' • + ,I+si?,+/) + 8cc ' 

2 . If the feriefes are I - a. + -J- - ta.nndi _ 2_. + _2_ 

- &c.; then from the fum of thefe two leriefes can be colte£ted: 
by the principles given -above the fum of any feries, whofe 
general term is 


2 


azm, 
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a/*4-'-•a'*+-* r 4* t • • * ar*4* w “* lr 4"^^ arjc 4“/*' i> *?^“ r 4/* * r *Hh xr-^f ... a^*4“ IM * - ^ r Hh/ 
The fame principle may be applied to find the fum of any 
feries of the abovementioned iort, in whofe denominator are 
contained other fa&ors, rz+g, rz+g + r , &c. &c.; or 2rz+g $ 
2 rz+g + r, 2rz+g+ 2r, &c. Like propofitions maybe de¬ 
duced from feriefes, in which r and r', Sec. and the factors 
rx + e and r'z+g, See. denote different quantities. 

io. An apparently more general method may be given from 
afluming a feries or feriefes as before ; and adding every two, 
three, four, Sec. (») fucceffive terms together for terms of a 
new feries beginning from the firft, fecond, third, &c. « th 
term ; and in general adding together two, three, &c. n fuc¬ 
ceffive general terms; and in their fum writing for z the di fiance 
from the firft term of the feries 22 + a, 32 + a , &c. nz 4- a ; 
there will refult the general term of a feries not to be found 
from the above-mentioned addition. 

Ex. Let the feries aflumed be -i-+i + 4 + l + Sec. in injini - 
tum> of which the general term beginning from the firft is 


——; add three fucceffive general terms —— + —— -f - — 

SS+I D SS+I Z + 2 Z + J 

| 1 22 «L II** * 

= —■ ? — X -— ; in this term for s write 7 %, and there 

refults . In the fame manner, if the 

3*+i . 3*+a . 321+3 ’ 

beginning is inftituted from the fecond or third term of 
the given feries, the terms refulting will be ~j z + l8g + 26 . 

and 3 a •f 2 4 z i'47 j n thefe terms for 2 write 22 , and there 
*+ 3 -*+ 4 * *+5 2 * 

cefult - 12*L+ifet- 2 - 6 _and —^ ±? 2z +47 ,_ 

3»-f2,32+3.3»+4 32 + 3.3Z+4.3:5 + 5 


If 
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If the terms of the given fefies are alternately affirmative and 
negative, the terms of the refulting feries will be alternately 
affirmative and negative, if n be an odd number; otherwife its 
terms will be all affirmative. The fum of this feries will be 
finite or infinite, as the fum of the feries i + f + -J-+$ + &c. is 
finite or infinite; but from it, by the preceding method of addi¬ 
tion or fubtra&ion of Mr. Bernoulli’s, or a like method applied 
to more feriefes, may be found the fums of different finite feriefes. 

It may be obferyed,; that from Mr. Bernoulli’s addition or 
fubtra&ion* can never be deduced the feriefes which arife from 
this method ; for, by his method, the denominator can never 
have any fa£tor 3 but what are contained in the denominators of 
the given feries, viz. (in the feries 4 - + -f + 4 + &c.), z + 4 where 
/ is a whole number; but by this method are introduced into 
the denominator the factors 22 + /, 32 + /, &c, and hz + /, or> 

which may be reduced to the fame (2 + l - j x tu 

If « fucceflive general terms of the feriefes arifing from Mr. 
Bernoulli’s addition or fubtra&ion be added together, and in 
the quantity thence arifing for 2 the diffance from the fir ft 
term of the feries be fubftituted «*, there will be produced 
feriefes of the above-mentioned formula. 

11 . Multiply two converging feriefes a -f bx + ex 1 + dx z + &c. 
s;S and .«+ @x 4 yx 1 4 &c. = V, or find any rational and inte¬ 
gral fun&ion of them, and the feries refulting will be finite 
and =s S x V, &c. Let a + fix 4 yx 1 4. &c. x m = V be finite, and 
the refulting feries will be finite and = Sx V, &c. If S be a, 
feries converging or not, whofe ultimate terms are lefs than, 
any finite quantity, then will the feries (a + bx+cx* 4 &c.) *.j 
(«+ j 3*4 yx % 4 &c. x") = V x S be a converging one, if a 4 ( 3 x 4 
yf + . . . &e. 0; which cafe was given by Mr, Db Moivbe. 

Mr.. 
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Mr. Bernoulli’s addition, &c. can be applied to feriefeSof 
this kind. For example, let the given feries be - + - 1 —x + 

t /+» 

-i-^*4-&c. = S. From’this feriesTubtra&’the 'fame feries di- 


minilhed by m terms, viz. -—— 

J t + m e'+m+i 


X m +* + 


*4m+2 


#**+* 


+ &c. and there remains + i± 3 ±lzl±l£ x +' 

i * m+t .e+nt-pi 

t +m+2—+2x__ x * ^i ± w + ?—/ . + Y &c.; for x m write A, 

t+2.e+m + 2 i + 3 .e+m +.3 

then will the feries become + -• + w + r ~' ? + 1 ^ x 4.’ 

« . w+* <+ i . c + m+ i 

i±E±±=L±I^X % + *t CT . + ,, 3-f . ±3 . A x i ± &c _ t _L_ x + 1 
/+2.<r+m + 2 # + 3.< + « + 3 * e+i 

*- *• —-— x m ~ l . 


az^-j-lz r -j-rz OT " a -f 8cc, ^ ^ 

z + e, £+*+!. z + e+2 9 * %+•* + »- l 

X*. Suppofe 0 = 0 '*, 


«tf2 e + m—i 

Let the general term be 

Vs4-* z + r-fl z4-*+2 2; + 

y=y'x\ $=$’x\ . .X —XV" - *; then will the fum of the 
ahoyermentioped feries be (<*+0' + 9/ + y 4- &c.) x S-i 

(0'rfy + ? + Sec.) - —j (/ + F + &c.) - (y + &c.) - &c. 

From the Turn of the feries - —~-f~-&c. by tbefe 

/ t +1 t-fZ J 

and the principles before delivered can be deduced the 
fum of any feries, whofe general term is 

az m + bz‘~ "+&c. 

2Z + e . 2* + #+ I . 2Z + * + 2 . 2S-f#+3 X &c. 

In like manner from the fum of the feriefes - 4 

*3 


’+ &C. - + 


&C - 4 - 

/’/+*'/+* ‘ ' * *+» ‘ £ + a 


* #+ 1 *+2 
&c. &c. can be 
deduced 
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deduced the fum of any feries, whofe general term is 

__ gz" + ^"~'+&c. _■_ 

*+#.« + #+* **+#+2K8<c.Xa+/.a+y+ 1 .s+/+a.&c.xz+^.a+^+i.&c. 

[x x\ 

And alfo from the fum of the feriefes -—-*4-—- See. 

e e+l e +2 

“77— +f- - See. --— 4.—-&c. &c. can be deduced 

/ /+1 /+2 g g+l^g+2 

the fum of any feries, whofe general term is 

. _ az m -\-bz m 1 + &c. ________ x x*' 

Hz + e . 2.% + t + I • &C. X2Z+f, 2Z+/+ l . &CC. 2z^-g . I • &C. 

The method of adding more terms of a given feries toge¬ 
ther, as before taught, may be applied to thefe and all other 
feriefes. For example: let the given feries be i-ff.v + 4* 1 
+ lx' + &c.; add two terms conftantly together, and it becomes 

I + f * + See. = —+ &c. = —— + 

a 3.4 5.6 2 3.4 

---- - x*+Scc. whence the general term is ^“^7^ 

- — x 1 *. From the methods before given of addition, fub- 

2Z+ 1 b 

traflion, and multiplication; and the feriefes found by this 
method, can be derived feriefes, whofe fums are known. 

12. Suppofe a given feries ax" -f &e”± J -f cx’&‘ 4- + Sec. 
whole fum p is either an algebraical, exponential, or fluenrial 
fluxion of x; multiply the equation p — ax" + bx"^‘ + + 

dx”^' + See. into xis~ *, and there refults ax± r ~ “p =» ax*? + Av± r ± I + 
4. &c.; find the fluxion of this equation, and there 

follows^ multiplied into the fluxion of the quantity (•v-'""’/’) 

= Szraxi ?—' + (i±:r±j) + 

of which the general term is (=£/*:+: z.r) x t, where k denotes 
the diftanoe from the firlt term of the feries, and t 
Vol. LXXIV. G g g i* 
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is the term in the given ferics, whofe diftance from the firft 
is z. In the fame manner may be deduced the fum of a feries 

whofe general term is t’ x zt-.r^zsx ^zr' — znziis, or by re¬ 
peated operations t' x cC -p/s +g t where t' is a term of the 
given equation, whofe diftance from the firft term is z. And 
in general, from the fum of a given ferics, whofe fluxion can 
be found, and whofe general term is t\ can be deduced by con¬ 
tinued multiplication, and finding the fluxion, the ium of a 
feries or quantity, of which the general term is A/', where A 
is any function of the following kind a'z m + +c f z m ~'- +&c. 
in which a denotes the diftance from the firft term of the leries, 
and m a w hole number. It is to be obferved, that if the given 
feries converges in a ratio, which is at leaft equal to the ratio 
of the convcrgcncy of fome geometrical feries, the refulting 
equation will always converge. But if in a lefs ratio, then 
it will fometimes converge, fometimes not, according to the 
ratio which the fucceffive terms of the refulting feries have 
to each other at an infinite diftance. 

Corollary. A-L ± _ L: . / . + . 2 . 3 P ± * _ 

/ + p+z— 


. r + I 
J>~h Z 2 


r + 2 . r + 3 . * r + 
P + z ~ 3 . • z + r + i 


. , , , if p — r be a whole 

affirmative number; but this latter quantity has the formula- 
above-mentioned a% m + 4- cz m ~^ + &c.; and confequently, 

if the fum of the feries a+bx 1 + cx u 4- dxv 4- &c. be known, 
by this method can be deduced the fum of the ferieo 

a + - bx ! -|- - — ~ 1 cx 1 , + ^-~ j * 1 * l' dx v + &c. 
r r * r +1 r . r +1 .r + 2 

m w / 

-— f m x m 

Ex.i.Smcea + x” =: a” — x - -f - x 

, nan 

-a-^x 1 +See.) ; multiply the fucceffive terms of this feries 


2 n n 


in— 2 

3" 


mt§ 
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Into the terms of the feries 1, -, - , &c. and a feries is 

r > » r*r 1 

JJ J ~ , P m +-1 , p . p+1xm.m~n + 

deduced -f-» *4- ■— - - x » 4- & c . 

r . « r . »■+ I . « . 2 * T * 


_ — + 

whofe fum is known, if the fum of the feries ~a 4- .v » is 
known. 

Ex. 2. If the feries begins from the /+ i th term of the above- 

m /A | w 

mentioned binomial theorems —a a ~'x + &cc. viz. the 

n n * 

r • 1 tt , l+in x ,m ~/+2n x 1 , m-lA-inx* . „ 

feries be HxH-*=Z-+ -=— _4— =£-2 -— 4- &c. 

l + 2n a /-j-jrc a ~ /-f+a a 5 
•f which let the refpective terms be multiplied into 1, 

- , - - - — , &c. there will refult a feries whofe fum is known. 

rr.r + l 


Ex. 3. From the rule firft given by me for finding the fum of 
the terms at h diftance 3 from each other, the fum of the feries 


m — /+ i» ^ m— /+ 2 « 


/+ 2 . n 1+ 3 n 



t + b+ln 


l+b-\-zn 


V L-Jf .11 IP . .. zL~ t ~ *— -f Sec, where P denotes the co-effi* 

t+b+jn l-\-2b+m a 

cient of the preceding term, can be deduced ; and confequently 
the fum of the feries deduced from multiplying the fuccdiive 

terms of this feries into the quantities 1, - , &c. re* 

fpeflively. 

The general principles of this cafe were firft delivered by 
Mr. Bernoulli, Mr. De Moivre, Mr. Euler, &c. 

12. Affume the feries a 4- bx* 4- cx u 4- See. — p, multiply it into 

and find the fluent, then will * xfp — ~ a x " + 

G g g t 


t 



4°4 Dr. Waring on the 

-^-bx*+* + -~— cx* +in + &c.; multiply this equation into 
*+-*-*x, and find the fluent of the equation refulting, which. 

wW be i*; ‘‘r - i: - r ^-f '*?+ \^ 

i-"' + i-4j w+ '+4=-«?= c *' + " + &c,; 

divide by **, and there refults { . - p+ —. x~* C rt, ± 

& * a a—£ ^7 / * 

T - J=:* ‘S x t~ - • s ‘ , + 4-‘i : andingene- 

Tal &c ^ + : • 3 -^*"/*/+1 •»“ • r l- •_ 

&c.*-»/«¥+1 &c. i. i. i&c. 

— . rr— • —- &C. 4* — , —-- 1 &C TV 1 * -L Ar/. 

« + » £+» 7 + » »+2» gf 2 » r + 2 „>- aC,f * + «C. 

whence the law of continuation is immediately manifeft. 

Hence, if no two quantities *, & y , J, &c. be equal to each 
other; and the fucceflive terms a , c, </, & c . of any feries 
* + 6 x” + cx>” + Scc.~p be divided by «.£. y . J. & c .; . js+^[. 

y+n . S + » . &c.; u+m . fi + zn . y+ 2 n . $+2 n . Sec. Sec.; 
and in general by a + nz . Q + nz . y + nz .S+nz. See. Sec.; 
then can the fum of the feries be found from the fluents of the 
fluxions. x“p, x°p, x y p, xp, Sec. as has been obferved in the 
Meditationes. If two are equal, viz. «=*& then alfo the 

fluent of the ftxxionZj'xy is required. If three are equal 

viz. u=Q = y‘ T then it is neceflary to find the fluent of the fluxion 

*y ; an A fo on * 


1. Let p — ——; and if the differences of the quantities a r 

0* *» b. &c ’ are divifible by n, from, the fluent of the 

fluxion. 
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fluxion x“p can be deduced the fluents of ail the other fluxions 
x^p, x>p, See. ; and in general, if « ~ )3 is divifible by », then 
from the fluent of the fluxion x"p can be deduced the fluent of 
the fluxion x'p. 

2. Suppofe p = the terms of the binomial theorem ex* 
panded according to the dimen lions of x, viz. (a -f- bx”} - = 

r r 

— y -I . 9 

a’ + - a‘ bx’ + &c. beginning from the firfi: or any other 

terms; then, if «, ( 3 , &c. divided by n give whole affirmative 
numbers, will all the fluxions x«p, x" J p, xp, Sec. be integrable; 
and if the differences of the quantities «, / 3 , y, 5 , &c. are divi¬ 
fible by », from the fluent of the fluxion xp can be deduced 
the fluents of the fluxions x^p, xp, Sec. 

If p denotes the fum of the alternate or terms whole diftance 
from each other are m, of the binomial theorem, the fame 
may be applied. 


3. If p = a + bx n + cx in 1 ; and a, /S, y, Sec. divided by n 


give whole affirmative numbers, then from Jx a p can be de¬ 
duced all the remainder J'x^p, J'xp, Sec.: and in general from. 


two can be deduced all the remainder. 

To find when the fum of any feries of this kind can be 
found, add together each of the fluents, which can be found, 
from each other, and not otherwife, and fuppofe their fum = o ; 
and fo of any other fimilar fluent, and from, the refulting 
equations can bedifeovered when the feries can be integrated. 

13. If the general term of a feries contains in it more va¬ 
riable quantities, z, v, w, &c.; then find the fum of the feries, 
firfl:,. from, the hypothefis that one of them (z)is only varia¬ 
ble* 
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ble, which, properly corrected, let be A j in the quantity A 
fuppofe all the quantities invariable but fome other v, and find 
the fum of the feries thence refulting, which let be B, and fo 
on ; and the fum of the feries will be deduced. 

Ex. Let the term be -^- T^~+ 77 iJ +^ ; the dimenfiona 

of z and v, &c. in the denominator muft be at leaft greater 
than its dimenfions in the numerator by a quantity greater 
than the number of the quantities z, v, &c. which proceed 
in infinitum increafed by unity. Firft, fuppofe s only 
variable, and the fum of the infinite feries refulting will be 

--d-— = A; then fuppofe v only variable, and the fum 

ZmV'V+l'V+ 2 1 £ J 


refulting will be ■ 


• B, which is the fum required. 


2Z . V , V~\~ I 

If it be fuppofed, that the quantities z and v , &c. in the 
fame term fhall never have the fame values, then fuppofe 
z and v always to have the fame values, and the general term 


52+1 .V. V+l ,t>+2 


becomes 


. 2+1 . 2 + 2 


:, of which let the 


fum be V, then will B - V be the fum required. 

On this and fome other fubje&s more have been given in the 
Meditationes. 

14. If the fum of the feries cannot be found in finite terms, 
and it is neegflary to recur to infinite feries; it is obferved in 
the Meditationes to be generally neceflary to add fo many 
terms together, that the" diftance from the firft term of the 
f ries may eonliderably exceed the greateft root of an equation 
refulting from the general term made o; and afterwards a 
feries more converging may commonly be deduced from 
the fluents of fluxions refulting from negle&ing all but the 
greateft quantities in the general terms refulting; and by other 
2 different 
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Afferent methods. Mr. Nicholas Bernoulli and Mr. Mom- 
•mort invefligated the fum of the feries (P) A +Br + 0 I + 

&c. by' a feries (Q.) ~ + ~~ + &c. ; 

where d\ d", d"', &c. denote the facceffive differences of 


the terms A, B, C, D, &c. If r be negative, the denomi¬ 
nators become 1 +r, (i-fr) 1 , (i+r) J , &c. 

It has been obierved, in the Meditationes, that in fwift con¬ 
verging feries the feries P will converge more fwiftly than the 
feiius Q ; in feries converging according to a geometrical ratio, 
fometimes the one will converge more fwift, and fometimes 
the other. In other ieries, which converge more flow, where 
moft commonly r nearly = 1, it cannot in general be faid, 
which of the feriefes will converge the fwifteft. The preceding 
remark, viz. the addition of the hrft terms of the feries, is ne- 
cefiary in moll cafes of finding the fums by feriefes of this 
kind. 


It is not unworthy of obfervation, that in almoft all cafes of 
infinite feries, the convergency depends on the roots of the 
given equations, which remark was firft publifhed in the Me¬ 
ditationes. For example : in finding approximates to the roots 
of given equations the convergency depends on how much the 
approximates given are more near to one root than to any 
other; and confequently, when two or more roots or values of 
an unknown quantity are nearly equal, different rules are to be 
applied, which are improvements of the rule of falfe. This 
rule, and the above-mentioned obfervations were firft given in the 
Meditationes Algebraicae et Analyticae, with feveral other, 
additions on fimilar fubjedts. 


Many 
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"Many more things concerning the fummationof feries, which 
depend on fluxional, &c. equations, might be added; but I 
4hall conclude this paper with congratulating myfelf, that fome 
algebraical inventions publilhed by me have been fince 
thought not unworthy of being publilhed by fome of the 
greateft mathematicians of this or any other age. 

ift, In the year 1757, I fent to the Royal Society the firft 
■edition of my Meditationes Algebraicae: they were printed and 
publilhed in the years 1760 and 1762, with Properties of Curve 
Lines, under the title of Mifcellanea Analytica, and a copy 
of them fent to Mr. Euler in the beginning of the year 1763, 
In which was contained a refolution of algebraical equations, 
not inferior, on account of its generality and facility, to any 

yet publilhed (viz. y—a \/p + bC / 'p 1 +cC / 'p'+.. s /This 
refolution was publilhed by Mr. Euler in the Peterlburg Adts 
for the year 1764. Whether Mr. Euler ever received my 
book, I cannot pretend to fay; nor is it material: for the fadt 
is, that it was publilhed by me in the year 1760 and 1762, 
and firft by Mr. Euler in the year 1764. Mr. de la Grange 
and Mr. Bkzout haveaferibed this refolution to Mr. Euler, as 
firft: publilhed in the year 1764, not having feen (I fuppofe) 
my Mifcell. Analyt. Mr. Bezout found from it fome new 
equations, of which the refolution is known, and applied it to 
the reduction of equations: more new equations are given, 
and the refolution rendered more eafy by me in the Philofophi- 
cal Tranfadtions. 2d, In the above-mentioned Mifcell. Ana¬ 
lyt. an equation is transformed into another, of which the 
roots are the fquares of the differences of the roots of the 
given equation; and it is aflerted in that book, that if the 

co-efficients 
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©coefficients of the terms of the refultiug equations change con- 
tinmJl/ from + to - and - to +, the roots of the given equation 
We all polfible,, otberwife not; and in a paper, inferted by me in 
the JPhilofophical Tranfa&ions for the year 1764, in which is 
found from this transformation, when there are none, two or 
four impoffible roots contained in an algebraical equation of 
four or five dimenfione; it is obferved, that there will be none 
or four* itc. impoflible roots contained in the given equation, 
if the laft term be + or - ; and two, Sec. on the contrary, if 
the laft term he - or +» Thefe obfer vat ions and trans¬ 
formation have been fince publilhed and explained in foe Berlin 
A£ts for the year* 1767 and 1768, by Mr. bi la Grange- 3d. 
In the Mifcell. Anal, an equation is transformed into another, 
whole roots are the fquares, See. of the roots of a given equation ; 
and it is afferted, that there are at leaft fo many impoflible roots 
contained in the given equation, as there are continual pro* 
greflfe* in the refulting equation From + to -f and — to - . It is 
afterwards remarked, that thele rules fcmetimes find impoflible 
roots when Sir Isaac Newton’s, and fuch like rules, fail; and 
that Sir Isaac Newton’s, Sec. will find them, when this rule 
foils. This rule may fomewhat further be promoted by firft 
changing the given equation, whole root is into another 
whole root is %/^7x; but, in my opinion, the rule of Har* 
RtoT’s, which only finds whether there are impoflible roots 
contained in a cubic equation or not, is to-be preferred to thde 
rules, which, in equations of any dimenfions, of which the 
impoflible roots cannot generally be found from the rules, fel- 
dOm find the true number. 4th, It h remarked, that rules 
which dHcover the trtfe number of impoflible roots require 
ittrmenfe calculations, fince drey mu ft necdTarily find, when 
Vol. LXXIV. Hhh the 
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the roots become equal. In order to tjris, m the Milcell. Anal, 
there is found an equation, whofe roots are the reciprocals 
the differences of any two roots of the given'equation ; atid 
from finding a quantity (») greater than the greateft root of the 

given, and ( i j greater than the greateft root of the refulting 

equation, and fubftituting 7r, it — A, it — aA, &c. for x in 
the given equation; will always be found the true number 
of impoffible roots. 5th, In the fame book are afiumed two 
equations « - 1 px’-' + n - 2qx n ~) - &c. = o' and 

X*—^x"- , + &c. =«>), and thence deduced an equation, whofe 
root is w, from which, in fome cafes, can be found the num¬ 
ber of impoffible roots. 

6. In the Mifcell. Anal, is given the law of a feries, and its 
demonftration, which finds the fum of the powers Of the roots 
of a given equation from its co-efficients. Mr. Euler has fince 
publifhed the fame in the Peterfburg Ads. Mr. de la Grange 
printed a property of \his feries, alfo printed by me about the 
fame time; viz. that if the feries was continued in infinitum , 
the powers would obferve the fame law as the roots, which 
indeed immediately follows from the feries itfelf; but from 
thence with the greateft fagacity he deduces the law of the 
reverfion of the feries (y=a + bx + cx % + dx* + &c.) : it has fince 
been given in a different manner from fimilar principles in the 
Medit. Analyt. 7. In the Mifcell. Analyt. the law of a feries 
is given for finding the fum of all quantities of this kind (*" x 
j0» x / x J* x &c. +&c.) where «, / 3 , y, S, &c. denote the roots of a 
given equation, from the powers of the rootsof the given equation. 
This law, with a different notation, has been fince publifhed in the 
Paris Ads by Mr. Vandermonde 5 who indeed mentions that he 
3 had 
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bad heard, that a feries for that purpofe was contained in my 
book, Wt had uot'foen it. In the fame book is given a method 
of finding the aggregates of any algebraical functions of each of 
the roots of given equations, which is fomewhat improved 
in the latter editions. 8. In the fame book are aifumed 

a*"+te*~'+Scc. , A**'+Ba!”~ I 4-&c. , . 

— -~-and ■ -- - -- ——. where * is any rational 

/ * + } * 1 + Uc. pz m +qz +&.C. 

quantity whatever for x andy, the unknown quantities of a given 
equation of two or more dimenflons. 9. In the Mifcell. Analyt. 
a biquadratic (j ;* + 2px 3 =:gx*+rx + s, of which no term 
is deftroyed) is reduced to a quadratic (x l + px + n — 

+ 2»+yr + \/j+ «';) and in the fecond edition of it, 
printed in the years 1767, 1768, 1769, and publifhed in the 
beginning of the year 1770, the values of n are found 






and-; and the fix values of </y* + 2 n + q 


refpe&ively 


*■—~-» -- 


ot+^HS-—y 
* - r- ♦ 


and their nega¬ 


tives i and the fix values of s/s + n* refpe&ively 

- 9 and their negatives. 10 . From a given biquadratic 

O*+£y* + 0'+' r::::o ) by affuming y' + ay + b^v and a and b 
inch quantities as to make the fecond and fourth terms of 
the refulting equations to vanifli, there refults an equation 
(v 4 + At/+B = o) of the formula of a quadratic. Mr. de la 
Grange has aferibed this refolutiou to Mr. Tschirnhausen j 
but in-the Leipfic Ads the refolution of a cubic is given by 
Mr. Tschirnhausen, but not of a biquadratic : his general 
defign feems to be the extermination of all the terms. 

. j. .. •; s’.-., v.: Hhha M. Mr. 
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11 . |vtr. Euler or Mr. de la Grange found, that if 0 be* 
root of the equation x" - 1=0, where n Is t pritoe number^ 

»; # » f 1 will be («) roots of it. 'More on a fimir 

lar fubjeft has been added in the la ft edition of the Medit. 
Algebr. 12. It is obferved in the Mifcell. A'nalyt. that 
Carpal’s or Seuuq Fergus's relblution of $ cubic is arefii* 
lotion of three different cubic equations} and in the Medit. 
Algeb. 1770, the three cubics are given, mid the rationale bf 
the refolution f^for example 1 if &% ^ and y, be the roots of 
the cubic equation x' + qx-r=>o, 'then is given the ftmdtfon 
of the above roots, which are the roots of the reducing equa¬ 
tion a* rs; J = 7 ) ; and alio the rationale of the cqmmtm refo* 
lution of biquadratics, 13. It is averted in the the* 

if the terms (%” 4 - kf~'x +or-y + 4 c, andfty’.+ ty" - ’#* 
Cp—'x* + &c.) of two equations of n and » dimensions, which 
contain the greateft dimenfions of * and y have a common di- 
vhbr» the equation whafe root is x or y> will not afcwd' to 
nx m dimenlions; and if the equation, whofe root is a- or y, 
afegnds to n x m dimenfions, the fum of its roots depends on 
the terms of « and « - 1 dimenfions in the one, and m and 
m - 1 dimenfions in the other equation, &c. It is alfo alfferted, 
ill fhf Mifcelk that if three a}gghvak;d equations qf 4, w, 
a«4 r ditpenfipn? contain three unknown quantity ^y, and 
z, the equation, whofe rogt is * or j or *, gaunot 
more than n,m .r dimenfionV > 4 * Mr, Br^QWT has* giveq 

two very eleganjt prgpgfition? for finding the 4foaonifoas,«f *fee 

equation whole foot is * or y,& ; where m w? 

known quantities continued in twg qr more {*> algebrakul 
equations pf ,«•, f, v, dimenfions* find in whisk fomp uf 
the unknown quantities do not afoeqd to the above %, f, <r, &c. 

dimenfions 
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dlmenflons refpedtively. In demonftratitig theft propofitions 
he tjft8 one (amorigft others) before given by me (we. if an 
equation of n dimenfions contains m unknown quantities, the 
number of different terms which may be contained in it will 

he B+i . tit . Ip the Medit. 1770 there is 

given amethod of finding in many cafes the dimeafions of the 
equation, whofe root is # oty» &c-; from which one, if not 
both, of the above-mentioned cafes may more e?% he deduced, 
and other* added. 13, In the tyftdit. 1770, k .ob&rved, that 
if there he » equfttionfc containing m uo&nojyn quantities, 
where .« is greeter than rn,. there will equations of 

coRditftns, &cu .id, Iij the'Whcelh is given;-and demon- 
fitted, the fnbfequant proportion,; */*. if .two equations, con¬ 
tain two unknown quantities * and j, in, which * and y are 
ftmihrfy involved. 1 the equation, whofe rpot; is x or y will 
hayo twice the ttf#nber of roots which the equation, whofe 
rooti is JMhy. &C, has, . in the Ml^ifiritH 0 [ he fame 

xes&nmgis applied equations, which b$se,tw«y three, four, 

fijc, quantities fwtfilarly invoked-. 17. Mr, p»mi O&Ayav .has 
<|w>f-ime i^e‘honour to demonftrate my method of finding the 
number of afhrwmve and negative roqts cont^ned in a biqua¬ 
dratic vqoftfipm A> demonftratipiv of my rule.for finding the 
mm)m of aShmative, n€^atiya, and impofljhk roots contained 
iiVlfo- equation s? •+•• A #"+3 **-q is affo omitted* on account ofit& 

qafe^qdicngthfi Fromtbc Msdifr the in vedigatihn of finding th^ 
trne nnmhet; ^afijirmatiye andnqgafiivo rootsappear&to he as diffi^ 

quJfcaFuhten* 4s.tbe finding the true number ofimpoflibk roots | 
and «, further that the womon methods, in hath cafe* 

q^fsldowr he depended on, ftut their faults lie on different fidcs* 
■ 7 
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the one gRneftJly finds too m«jy, the c#h^r too few* 18, |p 
the Medit. 1770, from the number of impoffjble roots Jo a 
given equation (r - px"-' + &c. - o) is found tjb$ number ofimr 
paflible roots in an equation, whofe roots (*u) have any afligaa- 
ble relation to the roots of a given equation; and examples 
are given in tHe relation (nx M ~ l ~n~ ipx^* + &c.=v) ; and 
ih an equation, whofe roots are the fquaros of the dif¬ 
ferences of the roots of the given equation. 19. It ts obferved 
in the Medit. 1770, that in two or more equations, having 
two or more unknown quantities, the fame irrationality will be 
contained in the correlpondent values of each of the unknown 
quantities, unlefs two or more values of one of them are 
equal, &c. The fame obfervation is alfo applied to the co¬ 
efficients of an equation deduced from a given equation. 20. 
In the Mifcell. was publifhed a new method of exterminating, 5 
from a given equation, irrational quantities, by finding the 
thie multipliers, which, multiplied into it, give a rational pro- 
dud. 21. In the Medit. 1770, are given the different refolu-' 
dons of a certain quantity + and (v*+r£*)**+* into 

quantities of the fame kind. 22. Mr. de la Grange has very 
elegantly demonftrated Mr. Wilson’s celebrated property of 
pririie numbers contained in my book. In the laft edition of the 
Medit. the fame property is demonftrated, and feme fimilar 
ones added. 23. In the Mifcell. is given a method of finding 
all the integral correfpondent values of the unknown quantities 5 
of a given fimple equation^ having two or more unknown 
quantities; and, itt the Medit. 1770, are given methods of re¬ 
ducing fimple and other algebraical equations into one, fo that' 
feme unknown quantities may be exterminated; and if the 
unknown quantities of the refulting equations be integral'br 

rational. 
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rational, the unknown quantities exterminated may allb be 
integral or rational. 24. In the Medit. are given rules for 
finding the different and correfpondent roots of an equation, 
whole refolution is given. 25. Mr. de la Grange has recom¬ 
mended my new transformation of equations, published in the 
Mifcell. which perhaps is not lefs general nor elegant than any 
yet publilhed; and in the Meditat. 1770 is given a method very 
uleful in finding the co-efficients. 

If either here, or in the preface to the Medit. Algebraicae, 
I have afcribed to myfelf any algebraical, or in the properties 
of curve lines any geometrical, or in the Medit. Analyt. any 
analytical invention, which has been before publilhed by any 
other perfon, I can only plead ignorance of it, and lhall on 
the very firft conviction acknowledge it. 

I muft further add, that I have been able to carry my alge¬ 
braical improvements into geometry; for from them, with 
fome geometrical principles added, I have (unlefs I am de¬ 
ceived) deduced as many new properties of conic leCtions and 
curve lines as have been publilhed by any one lince the great 
geometrician Apollonius. 


£ 1 


idttX. An Account of a remarkable Pro/l on t%e %yl of jfu$e, 
1783. In a Letter from the Rev. Sir John Cullum, Mart. 
F. R. S. and S. A. to Sir Jofeph Banks, Bart. P R. S. 


Read May ay, 1784. . 


DEAR S r R, 


Hatdwfcfc4mrfe». 

]^OV. IQ, 1783. 


W HEN t had the pleafure of feeing you in London, m 
the autumn, and mentioned a froft that happened in 
my neighbourhood on the 23d of laft June, you exprefled a 
defire of receiving fotne particulars about it. I therefore now 
fend you fotne memorandums which I made at the time. 

About fix o’clock, that morning, 1 obferved die air very 
much condenfed in my chamber-window; and, upon getting 
tip, was informed by a tenant, who lives clofe to my houfe, 
that finding himfelf cold in bed, about three o’clock in thfc 
morning, he looked out at his window, and to his great fur- 
prife faw the ground covered with a white froft: and I was 
afterwards allured, upon indubitable authority, that two men 
at Barton, about three miles off, faw between three and four 
o’clock that morning, in fome fhallow tubs, ice of the thick- 
nefs of a crown-piece, and which was not melted before fix. 

This unfealonable froft produced fome remarkable effects. 
The ariftae of the barley, which was coming into ear, became 
brown and withered at their extremities,' as did the leaves of 
the oats •, the rye had the appearance of being mildewed j fa 

that 
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$*«tthf farmers were alarmed for thofe crops). The wheat 
wa* not much affected, The larch, Weymouth pine, and 
hardy Scotch fir, had the tips of their leaves withered; the 
firft was particularly damaged, and made a (habhy appearance 
the reft of the fummer. The leaves of fome afttes, very 
much Aeltered in my garden, fuffered greatly. A walnut-tree 
received a fecond Ihock (the firft was from a fevere froft on the 
»6th of May) which completed the ruin of its crop. Cherry- 
trees, a ftandard peach-tree, filbert and hafel-nut trees, lhed 
their leaves plentifully, and littered the walks as in autumn. 
The barberry-bulh was extremely pinched, as well as the hy- 
pericum perforatum and hirfutum : as the two laft are folfti- 
tial, and rather delicate plants, I wondered the lefs at theii 
fenfibility; but was much furprifed to find, that the vernal 
black-thorn and fweet violet, the leaves of which one would 
have thought muft have acquired a perfect firmnefs and 
ftrength, were injured full as much. All thefe vegetables ap¬ 
peared exactly as if a fire had been lighted near them, that had 
lhrivelled and difcoloured their leaves: 

.— penetrabile frigus adurit. 

At the time this havock was made among fome of our hardy 
natives, the exotic mulberry-tree was very little affe&ed; a 
fig-tree, againft a north-weft wall, remained unhurt, as well 
as the vine, on the other fide, though fuft coming into bloflom. 
I fpeak of my own garden, which’is high; for in the low 
ones about Bury, that is but a foile off, the fig-trees, in par¬ 
ticular, were very much cut;"and, in general, all thofe gar¬ 
dens fuffer more by froft than mine. 

Some weather, that was cold for the time of year, had pre¬ 
ceded this froft. On the 21ft the thermometer had, at no 
time of the day, rifen to 6o°; on the 2 2d, at ten at night 
VouLXXlV. Iii 
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had funk to 50°. On the laft day, and on the 23d, disappeared 1 
that dry haze, which had taken'place fome days before, and 
continued , to blot out the face of tl>e fun for fo long a time 
afterwards. After fun-fet on the 24th it appeared again, and 
tlie neat day the leaves of many vegetables were covered with/ 
a clammy fweetnefs. ' * 

The above flight notes were taken in my garden and its en¬ 
virons; and I with they may afford you the fmaUeft enter¬ 
tainment. If you fhould think them worth the attention of 
the Royal Society, difpofe of them accordingly. So fevere a 
froft, at fo advanced a feafon, is certainly not? one of the leaft 
remarkable among the atmofpherical phenomena of this year. 

I remain, dear Sir, 

Your much obliged and faithful fervant, 

JOHN CULLUMi 
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XXX. On a new Method of preparing a Teft Liquor to Jhew the- 
Prefence of Acids and Alkalies in chemical Mixtures, By Mr. 
James Watt, Engineer ; communicated by Sir Jofeph Banks, 
Bart . P. R. S. 


Read May 27, 1784. 

T HE fyrop of violets was formerly the teft of the point of 
faturation of mixtures of acids and alkalies, which was 
principally, uled; but fmce the late improvements in chemiftrv 
it has been found not to be fufficiently accurate, and the info* 
(ion of tournefol, or of an artificial preparation called litmus, 
have been fubftituted in the place of it. 

The infufion of litmus is blue, and becomes red with acids. 
It is fonfible to the prefence of one grain of common oil of 
vitriol, though it be mixed with 100000 grams of water; 
but as this infufion does not change its colour on being mixed 
with alkaline liquors, in order to difcover whether a liquor be 
neutral or alkaline, it is necefiary fo add Co me vinegar to the 
litmus, fo as juft tp turn the infufion red, which will then be 
reftored to its blue colour, by being mixed with any alkaline 
liquor. The blue ikfufipnof litmus is alfo a teft of the pre¬ 
fence of fixed air in water, with which it turns red, as it does 
with other acids. 

The great degree of fallibility of this teft would leave very 
little reafon .to fearch for any other, were there reafon to be¬ 
lieve that it is always a teft of the exa& point of faturation of. 

I i i a acids 
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acids and alkalies, which the following fa& feemi to call in 

queftfon. 

I have obferved, that a. mixture of phlpgifticated nitrous 
aci<J with an alkali will appear to be acid, by the teft of lit¬ 
mus, when other tells, fuch as the infufion of the petals of 
the’' fcarlet rofe, of the blue iris, of violets, and of other 
flowers, will Ihew the fame liquor to be alkaline, by turning 
green fo very evidently as to leave no doubt. 

At the time I made this difeovery, the fcarlet roles and 
leveral other flowers, whofe petals change their colour by acids 
and alkalies, were in flower. I ftained paper with their juices, 
ind found that it was not affe&ed by the phlogifticated nitrqus 
add, except in fo far as it a£led the part of a neutralizing aGid; 
but I found alfo, that paper,, ftained in this manner, was by «ao; 
nteans fo eafily affected by acids of any kind as litmus was, 
and that -in a Ihort time it loft much of that degree of fenfibi- 
lity it poffefled. Having occafion in winter to repeat fome ex¬ 
periments, in which the phlogifticated nitrous acid was con¬ 
cerned, I found my ftained paper almoft ufelefs. I was, there¬ 
fore. Obliged to learch for fome fubftitute among the few vege¬ 
tables which then exifted in 3 growing ftate; of thefe I found 
the iffed-Cabbage (brdj/ica rubra) to furnilh the heft teft, and in 
its ftefh ftate to have more fenfibility both to acids and alkalies 
than litmus, and fo afford a more decifive teft, from its being 
naturally blue, turning green with alkalies, and red with acids 5 
to which is joined the advantage of its not being affetted by 
phlogifticated nitrous acid any farther than it adts as a reaiacid. 

To extract the colouring matter, take thofe leaves of the eab~ 
bage; Which arefrelheft, and have moll colour; cut oyt the 
larger Items, and mince the thin parts of the leaves 

<%eft them in water, about the heat of * to degrees, for 
3 a few 
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a few boors, and they will yield a blue liquor, which, if ufed 
immediately as a teft, will be found to poflefs great fenfibility. 
But, at this liquor is very fubjeft to turn acid and putrid, and 
to lofe its fenfibility, when it is wanted to be preferved for 
future ufe the following procdfes fucceed the beft. 

1. After havk.g minced the leaves, fpread them On paper, 
and dry them in a gentle heat; when perfectly dry, put them 
up in glafs bottles well corked; and when you want to ufe 
them, acidulate feme water with vitriolic acid, and digeft, or 
infufe, the dry leaves in it until they give out their colour; 
then ftrain the liquor through a cloth, and add to it a quan¬ 
tity of fine whiting or chalk, ftirring it frequently until it 
becomes of a true blue colour, neither inclining to green , nor 
purple; as foon as you perceive that it has acquired this colour, 
filter it immediately, otherwife it will become greenifh by 
longer Handing on the whiting. 

This liquor will depofite a ftnall quantity of gypfiim, and 
by tlve addition of a little fpirit of wine will keep good for 
fome days, after which it will become a little putrid and. red- 
di£h. If too much fpirit is added, it deftroys the colour. If 
the liquor is wanted to be kept longer, it may be neutralized by 
means of a fixed alkali in Head of chalk. 

2. But as none of thefe means will preferve the liquor long 
without requiring fo be neutralized afrefh, juft before it is ufed; 
and as the putrid and acid fermentation which it undergoes, and 
perhaps the alkalies or fpirit of wine mixed with k, feem to 
lefien its fenfibility; in order to preferve its virtues while it is 
kept in a liquid ftate, fome frefh leaves of the cabbage, minced 
as has been direfled, may be infufed in a mixture of vitriolic 
acid and water, of about the degree of acidity of vinegar; and 
it may be neutralized, as it is wanted, either by means of chalk, 

or 
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or of the fixed or volatile alkali. But it ia ncccffary to oblcrve, 
that if the liquor has an excefs of alkali, it will foon lots its 
colour, and become yellow, from which Hate it cannot be 
reftored; therefore care fliould be taken to bring it very exa&ly 
to a blue, and not to let it verge towards a green *. 

, 3. By the fame procefs I have made a red infufion of violets* 
which, on being neutralized, forms at prefent a very fenfible 
tift; but how long it will preferve its properties I have not 
yet determined. Probably the coloured infufions of other 
•flowers may be preferved in the fame manner, by the antifeptic 
power of the vitriolic acid, fo as to lofe little of their original 
fenfibility. Paper, frelh ftained with rhefe tells in their neutral 
Bate, has fufficient fenfibility for many experiments j but the 
alum and glue which enter into the preparation of writing- 
paper feem in feme degree to fix the colour j and paper which 
is not fized becomes lomewhat tranfparent, when wetted, 
which renders fmall changes of colour imperceptible; fo that 
where accuracy is required, the tell Ihould be ufed in a liquid 
flate +. 

* Since writing the above, I have found, that the infufion# of red cabbages 
and of various flowers in water acidulated by means of vitriolic acid, a re apt to 
turn mouldy in the fummer feafon, and alfo that the moulding is prevented by the 
addition of fplrtts of wine. The quantity of fpirit which is ncceflaiy for this 
gmrpofo l have not been able toafeertain; but I add it byUittle at a time, until 
the progrefs of the moulding is prevented. ' 

f I have found, that the petals of the fcarlet rofe, and tho& of the pink* 
'coloured lychnis, treated** this manner^ afford very fenfible tefts. 
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XXXI. An Account of a new Plant, of the Order of Fungi. 
By Thomas Woodward, Efy i communicated by Sir Jofeph, 
Banks, Bart. P. R. S. 


Read June 10, 1784. 

Plant a nova Deferiptio — an Genus novum t 

Radices paucae ; tenues ; albidae. 

Yolva ovata; duplex, mucilagine interpofita; fubalbida. 

Stipes, e volva interiore furgens, fublignofus; cavus ^ 
cortice lacerato veftitus j fubfufeus. 

Capitulum, ftipitis fummitati infidens, reflexum; fubtus 
campanulatum, glabrum; iuperne pulverulentum, et, e 
pulveris craflitie, globiforme v volvae ruptae fummita- 
tem, minime adhaerentem, in fe gerens. 

Pulvis fphaericus; femipellucidus ; luteo-fufcus. 

THIS extraordinary vegetable production arifes from a volva,. 
which is buried fix or eight inches deep in diy fandy banks ; 
and, confequently, it is extremely difficult to detedt it in it* 
earlieft ftate. At its firft appearance aboveground; the pow¬ 
dery head is covered with a loofe campanulated cap, which* 
does not adhere by afty the fmalleft filaments; and which, t 
fuppofe, to be the upper part of the volva, as both always* 
appear ragged when" taken up. When- the plant is taken op- 
immediately on its appearing above ground, the ftera is about* 
fiat or eight inches long; and, as well, as the volva, replete 

with 
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with pupilage, making if much heavier than when It ha* 
attained its full growth, This is the date to which the de- 
fcription given above refers. The cluft is now perfectly formed, 
and is difperfed bv the flighted: touch, or by the wind. A 
great alteration foon takes place, as it now proceeds very rapidly, 
and in a few days attains the fummit of its growth, which is 
from nine to fifteen inches, more than half being generally 
buried in the ground, The ftem becomes woody, though 
hollow, the bark ftill more ragged, and the whole plant much 
lighter, both volva and flem being now cjuite dry, and free 
from mucilage. The wind and Ihowers foon difperle the 
greateft part of the duft; and at length the flalk appears with 
a naked, coriaceous, campanulated pileus, and confiderably 
bleached, in colour and appearance not unlike a dry ftalk of 
hemp In this date fome of them are now to be found (Aug* 
38, 1783) with plants of this year riling near them. 

Mr. Humphbeys, of Norwich, who fird found this very 
extraordinary plant, met with it only in the date lad de¬ 
ferred, and without difeovering the volva; fo that no judge¬ 
ment of it could be formed. It has been taken by fome per- 
fons for a decayed or abortive agaric; but that opinion could 
not be maintained by any one who had feen it in its recent 
date. . t 

I fird met with, it|^m February or March 1783 in its dry 
and withered it was fufpe£tcd, though with little 

appearance of ffPPSo, to be a decayed Agaricus procerus, J 
wilhed to examine the root carefully, in order to obferve whe¬ 
ther it was bulbous. The bulb of the Agaricus procerus is 
fcarcely hidden under the furface, and I was much furprifcd 
at the depth tp which I was obliged tp fear-ch for the root of 

this 
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this plant; at length, however, removing the earth carefully 
to the depth of feven or eight inches, I met with it, and to 
my great pleafure and furprile, on raifing the plant, I diico- 
vered the vqiva, which was fo unlike the fugitive one of the 
agaric, that I was immediately convinced it muft be fomething 
new. 

An account of this was direclly fent to Mr. Dickson, of 
Covent-Garden, an able botanift, and diligent enquirer after 
the clafs Cryptogamia. Mr. Dickson, who had before feen it 
in the ftate in which it was found by Mr. Humphreys, but 
could make nothing of it, though thoroughly 7 convinced it was no 
agaric, immediately requelled that I would watch the lpot, and 
endeavour to detect the plant in its earlieft appearance. I com¬ 
municated this to my neighbour Mr. Stone, a mod diligent and 
lkilful botanifl, who firft rellored the Lycoperdon coliforme; and 
we determined to examine the fpot carefully together, from the 
month of Augull downward. About the middle of Auguft 
we firft difeovered a plant juft arifen, which was fent to Mr. 
Dickson, and a full defeription of which is before given; but 
though we have daily viftted the fpot fmee, we have never 
been able to find it again in fo young a ftate; for fo rapid ap¬ 
pears to be its growth, that we have found plants of two or 
three inches height above the ground, the Hems of which had 
loft part of their mucilage, where the day before none had been 
vifible. We have tlireeor four times attempted to difeover the, 
volva in iti earlieft ftate, by removing the earth carefully near 
the old ftems of the preceding year; but this has been without 
fuccefs: and there is little hope of fucceeding in it, as the 
volva lies very deep in the ground, and the plant arifes at fuch 
various times. . . . 

Vol. LXX 1 V. Kkk , this 
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This plant agrees with the genus Phallus in its volva, which 
has a double coat replete with mucilage; and its ftipes crowned 
with a refiexed pileus. But it more nearly approaches the 
genus Lycoperdon, by its head covered with a thick duft, con¬ 
tained in a fubftance of a Ipoogy appearance, and by the form, 
of the dull, which agrees perfectly with that of moft of the true 
iWrdons. wh«. examined in the microfcope. To this genus 
it nauft at prelent probably be referred, though the total want 
Of an exterior coat prevents its agreeing with it fo perfectly as 
if ought. 

The Mucor * fepticus of Hudson and Lightfoot (Mucor 
dvatus of ; the Mucor * butyraeeus of Schaffer 

(194.), not ta%i ‘iSSce of by either Hudson Or Mghtfoot, 
;but which I have ofo^Tdund here ; and the JL^ci|pferdon * epi- 
jdendrum of ^gg%>^^tjwh'ich 1 fupjpofe to'fse 0 bkt Hudson 
(rails Lycofp^l^^lphylldm, as he'ttijjjs refeitell'to the fame 
plate of Scd^lpR (193* Mucor frag^ppfisjf).jHf|| «11 forae 
i^Brnty with tl&%tf&ificatfttt» of this fo, 

4^ we fuppofe the head to be at firft covered with” 4 ^mucilage, 
^Hiich afterwards turns to a duft; but this will hardly be ad¬ 
mitted, as the plant fent toMr. Dickson had the duft per¬ 
fectly formed, though tile rvolva and ftem were both replete 
ddth mucilage. But w| Chhnot admit it to agree with any df 
thefe laft mentioned plant's, as they have all an exterior coat, 
though very fugitive, of which this feems entirely deftitute. 

ifre may add, that they are' ill very fugitive productions; 

U 1 

t' I 

* I cannot help obferving that, iiMny opinion, Haiae* has done more rightly 
» making thefe into a new genua (Fikgo), this our botanifts, who have jumbled 
them with the genera Lycoperdon and Mucor, th which they haven® great lenity 
»oine than the Sphcria oF'HjTtx.E*, likewife vet^tthpriiperiy'iMed with the 
Lycoperdons and Clavariw, *. 

7 ’ whereas 
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whereas this* though foon arriving at maturity, is of a woody 
and permanent ftrudure. » 


P. S. In a letter Mr. Dickson received from Mr. Woodward, 
Feb. 12, 1784, he informs him, that he is quite convinced by 
fome late obfervations, that the above-mentioned plant fre¬ 
quently comes to a ftate of perfection before it reaches the fur- 
face. The only difference to be obferved is, that the duft in 
that cafe is of a darker colour, which he fuppofes is owing to 
its not being expofed to the air. 
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XXXII Experiments to invfligate the Variation of Local Heat . 
Bv James Six, E.jq. ; communicated by the Rev. Frauds- 
Wollafton, LL.B. F. R. S. 


Rcatl June xo, 1784. 

B EING defirous of inveRigating the variation of local 
heat, I made the following experiments. 

On the 4th of September, 1783, I placed thermometers In 
three different Rations; one on the top of the high tower of 
Canterbury Cathedral, about 220 feet from the ground; ano¬ 
ther at the bottom of the fame tower, at about xio feet; 
and a third in my own garden *, not more than fix feet from 
the ground. They were all carefully expofed to the open air 
in a fhady northern afpedt; the loweR was as little liable to be 
affedted by the refledtion of the fun’s rays as the elevation 
would permit, the fecond Rill lefs, and the higheR not at all. 
They continued unremoved in their federal places, where I 
vifited them daily for the fpace of three weeks, and minuted 
down the greateR degree of heat and cold that happened each 
day and night in their refpedlive Rations+. 

* This garden is fit Mate not far from the Cathedral, at the extremity of the 
buildings on the north fide of the city, 

f The thermometers here made ufe of were conftru&ed to fhew the greateft 
degiee of heat and cold which happened in the observer's abfence (deferibed Phil. 
Tranf. vol. LXX1I. part 3,), which rendered them particularly convenient on this 
occafion. They had hung together for fume time, and feldora differed’ half a 
degree from each other. 


By 
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By thele obfervations it appears, feeTable I.that,notwithftand- 
ing fome irregularities, the heat of the days at theloweft ftatiou 
always exceeded that at the middle, and ftill more the heat at the 
upper ftation. As in many inftances the higher regions of the 
atmofphere have been found to be colder than the lower, and 
the thermometer in the garden was more liable to be heated by 
the reflexion of the fun’s rays from the earth than the upper 
ones, a difference of this kind might have been expected. But 
I was greatly furprifed to find the cold of the night at 
the lowed, not only equal to, but, very frequently, ex¬ 
ceeding the cold at the higher ftations. As I wifhed to know, 
whether thele variations would continue the fame in the win¬ 
ter, when the weather was colder; and whether a thermo¬ 
meter, placed at fome diftance from the city, having an eleva¬ 
tion equal to that on the top of the Cathedral tower, would 
agree witli it; on the 19th of December, 1783, I difpol'ed 
the three thermometers in the following manner: one in my 
garden ; one on the top of the high tower, as before; and the 
third on the top of St. Thomas’s Hill, about a mile difhnt 
from the city, where, at fifteen feet from the ground, it was 
nearly level with that on the Cathedral tower. Table II. con¬ 
tains the obfervations that- were then made *. The weather 
at this time proving cold, favoured the experiment; and I now 
found the feveral thermometers nearly agreeing with each other 
in the day-time: but in the night, the cold at the lower fta¬ 
tion exceeded the cold at the higher ones rather more than it 
did in the month of September, when the weather was 
warmer. 

* The few 0 millions in this Table were occalioned by the feverity of the cold 
'preventing my attending at a proper tinje the thermometers, which were at a 
confuicrable diftance from each other* 


At 
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At the time of taking thefe thermometticai observations, I 
likewife noted the different difpofitions of the atmofphere in; 
other refpe&s: fach as the preflure, raoifture, and drynefs of 
the air ; force and direction of the winds; quantity of rain ; 
whether the appearances of the iky were clear or cloudy, &c. 
as l apprehended the local variation of the thermometers might, 
in a certain degree, correfpond with fome particular change in 
the ftate of the atmofphere. 

The event anfwered my expeftation in a lingular manner 
»n refpedt to the no&urnal variation ; for it generally happened, 
that when the Iky was dark and cloudy, whatever was the con-, 
dition of the atmofphere with'relation to the other particulars 
above enumerated, the thermometers agreed pretty nearly with 
each other 5 but, on the contrary, whenever the Iky became 
clear, the cold of the night at the loweft ftation in the garden 
conftantly exceeded the cold at the top of the Cathedral tower, 
where the inftrument was placed 220 feet from the ground, 
entirely expofed to the open air, wind, dews, and rain, in 
a fhady northern afpe£t. 

The local variations in the day-time feemed to be regulated 
by the general degree of heat only, without being affe&ed by 
any other particular difpofition of the atmofphere, or the clear- 
nefs or cloudynefs of the Iky, as the no&urnal variations were. 
In the month of September, when the glafles role from 6o° to 
70°, the heat at the lower ftation conftantly exceeded the heat 
at the upper ftation; and in fome meafure proportionally, as 
the weather -was hotter *. In December and January, when 
* As the heat at the lower ftation exceeded the heat at the tipper ones, when 
the weather was hot 5 and equally fo, whenever the Iky was cloudy, as well ae 
when it was clear; it appears, that the glafs at the lower ftation was not mate¬ 
rially affe&ed by the rdte&ion of the ftin*s rays from tb£ earth, as at ftrft I 
apprehended it would be* 


from 
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from below 30° they feldom role to 40°, the local variation in 
the day-time nearly ceafod, or was found in very fmall degrees 
inclining fometimes one way, fometimes the other. 

That the clearnefs of the Iky fhould contribute to the cool- 

* 

nefs of the air in the night, is not at all furprifing; but that, 
whenever the fky becomes clear, the cold fhould feem to arifefrom 
the earth, and be found in the greateft degree, as long as it con¬ 
tinues clear, in the loweft fituation, feemsa little extraordinary : 
this, however, appeared to be the cafe, both in the warmer as well 
as in the colder weather, during the whole time thefe obfervations 
were taken, and remarkably fo on the following days. On the 
firft of January the weather was cold, the fky cloudy, the glaffes 
in the night were at 20% and in the day at 34°: the wind 
which had been at S.E. the day before, changed in the evening 
to S. and brought on a thaw. On the fecond of January 
clouds and mifty rain darkened the fky all day; the wind 
blew brifkly at S.W.; the glaffes in the night were at 32°!, in 
the day at 40°. On the third of January the clouds and rain 
continued, the weather growing frill warmer; wind at S.W. 
by S.; the glaffes in the night were at 36°, in the day at 45°!. 
Thefe three days the weather gradually became warmer; and, 
while the fky remained darkened by clouds, all the glafles in 
their feveral ftations nearly agreed with each other. About 
noon, on the third of January, the fley becoming clear, the 
air grew cooler; and going into my garden, about eight o'clock 
in the evening, I perceived the furface of the ground, which 
bad been wet by the rain in the forenoon, began to be frozen. 
Looking immediately at the thermometer, I faw the mercury at 
33°i ; and obfervfog a piece of wet linen hanging near the 
glafs, not five feet from the ground, I took it into my hand, 
and found it not in the kail frozen; by which it appeared, 

that 
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that the degree of cold which had frozen the fur&qe of the 
ground, had not then a fended to the glafs, nor to the linen, 
and confequeutly had not been communicated to the air five or 
fix feet above the earth. The next day I found, as 1 ,expected, 
a eoufiderable local variation; the index for the cold of the 
night in the garden being at 32°, that on the hill being 
& f 35 °$t aDt * that on the top of the tower at *. 
Probably the weather did not continue clear the whole 
night; if it had, it is likely the degrees of cold would have 
been found proportionally greater at every ftation. On the 
morning of the 4th there fell a raifty rain, which continued 
only till noon, when the Iky became clear again, and con¬ 
tinued fo till the 7th; duriug which time the nodturnal heights 
of the thermometers differed confiderably from each other; 
but on the Iky’s becoming cloudy, the local variation ceafed. 

Thermometrical obfervations, made under tile fame cir- 
cumftances in refpedt to the feafon of the year, place, and 
fituation+, may probably be liable to fimilar local varia- 

* It is remarkable, that the thermometer on St, Thomas's hill did not vary 
fo much from that in the garden, as that did which was on the Cathedral tower, 
although thefe two elevated glafles were within three feet of a perfp& level with 
each other,* the variations, however, as often as they happened, inclined the 
fame way. The reaibn of this might probably be, that although the glafr on the 
hill was at an equal altitude with that on the tower, in refpeft to the ground on 
which the Cathedral ffands; yet the former was only 15 feet, while the latter 
was 220 feet from the ground, 

f Situation m regard to hill or valley. The valley ip which Canterbury fraud* 
it at that place about a mile in breadth, opening to the NkE, j the hills on either 
Me do not riGrveiy fudden, nor very high $ the river Stpur, divided into branches, 
paffes through the city, and, about fourteen mile# below, empties itfelf into the 
fea, which wafties the eoafr from the NN*W. round by the E* to the S,; diftant 
from the city at different places from fi* to fixteep miles, 
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tions: to thofe who make them, the refult of thefe experiments 
may be of fomc ufe. If convenient opportunity offered, I 
Ihould be glad, by the nffiftance of friends, to try the local 
difference of heat and cold in more diftant, as well as more 
elevated, fituations. 

By experiments of this kind it may poffibly in fame mca- 
fure be found, how far evaporations from the earth, at certain 
times, or vapours afeending, defcending, or meetiug, in dif¬ 
ferent parts of the atmofphere, may increafe or diminifh the 
heat of the air in thofe places: or whether different degrees 
■of heat and cold (fubjeft however to change) may not be found 
in different ftrata of air, or vapour, floating in different parts 
of the atmofphere ; or in what degree and proportion, the cold 
increafcs at different altitudes and in different feafons of the- 
year : whether the cold, which is known to be very intenfe in 
the fummer time on the tops of high mountains, receives a 
proportional increafe, or be not lefs fubjeft to variety by the 
return of winter and fummer, night and day, than what we 
experience in the plains below. 

March io, 1784. JAMES SIX. 
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Mr. Six’s Experiments to invejligan the Variation of Local Heat. 
table I. 

The greateft daily variation of heat and cold in the atmofphere, from the 4th to the 24th of September 
1783, taken from three different ftations, and compared together. One thermometer placed on a 
tower in Canterbury, 220 feet from the ground ; another at the bottom of the fame tower, 110; and a 
third in a garden, about fix feet from the ground. N. B. The nocturnal degrees of cold belong to th e 
night immediately preceding the day to the date of which they are placed. 
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TABLE IT. 


The greateft daily variation of heat and cold in the atmofpiiere from the 20th of December, 1783, to the 
8th of January, 1784, taken from three different ftations, and compared together. One thermometer 
placed on a tower in Canterbury, 220 feet from the ground; another on a hill, a mile diftant, but On 
the fame level with that on the rawer; a third in a garden, about fix- feet from the ground. N. B. The 
no&urnal degrees of cold belong to the night immediately preceding the day to the date of which 
they are placed. 
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XXXIII. Account of form Obfervations tending to invefigate the 
Conftrubiion of the Heavens. By William Herfchel, Efq. 
F.R.S. 


Read June 17, 1784. 

I N a former paper I mentioned, that a more powerful in- 
ftrument was preparing for continuing my reviews of the 
heavens. The telefcope I have lately completed, though far 
inferior in fize to the one I had undertaken to conftrud when 
that paper was written, is of the Newtonian form, the object 
fpeculum being of 20 feet focal length, and its aperture 18.,4- 
inches. The apparatus on which it is mounted is contrived fo 
as at prefent to confine the inftrument to a meridional fituation, 
and by its motions to give the right-afcenfion and declination 
of a celeftial objed in a coarfe way ; which, however, is fuf- 
ikiently accurate to point out the place of the objed, fo that it 
may be found again. It will not be neceifary to enter into a 
more particular defeription of the apparatus, lince the account 
I have now the honour of communicating to the Royal Society 
regards rather the performance of the telefcope than its con- 
ftrudion. 

It would, perhaps, have been more eligible to have waited 
longer, in order to complete the difeoveries that feem to lie 
within the reach of this inftrument, and are already, in fame 
yelpeds, pointed out to me by it. By taking more time I 
ould undoubtedly be enabled to fpeak more confidently' of the 

L 11 3 interior 
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interior conjlruttion of the heavens, and its various nebulous and 
JiderealJlrata (to borrow a term from the natural hiftorian) of 
which this paper cau as vet ouly give a fvw outliues, or rather 
hints, As an apology, however, for this prematurity, it may 
be laid, that the end of all difcoveries being communication, 
we can never be too ready in giving faffs and obfervations, 
whatever we may be in realoning upon them. 

Hitherto the lidereal heavens have, not inadequately for the 
■purpofc deligned, been reprefented by the concave lurface of a 
l’phere, in the center of which the eye of an obferver might 
be fuppofed to be placed. It is true, the various magnitudes 
of $e fixed liars.even then plainly luggelled to us, and would 
have better fuited the idea of an expanded firmament of three 
dimen (ions; but the obfervations upon which I am now going 
to .enter ftill farther illuftrate and enforce the neceffity of con- 
fidering the heavens in this point of view. In future, there¬ 
fore,, ,we lhall look upon thofe regions into which we may 
no\y penetrate by means of fuch large telefcopes, as a natu- 
ralift -regards a rich extent of ground or chain of mountains, 
containing ftrata varioufiy inclined and direfled, as well as 
confifting of very different mateiials. A furface of a globe or 
map, therefore, will but ill delineate the interior parts of the 
heavens. 

It may well be expected, that the great advantage of a large 
aperture would be moll fenfibly perceived with all thofe objefls 
that require much light, fiuch as the very fmall and immenlely 
dilfant fixed (tars, the very feint nebulie, the clofe and cotn- 
prefl'ed clufterSjOf liars, ai>d the remote planets. 

On applying the telefcopeto a part of the via laide a, I found 
that it completely refolved the whole whitilh appearance into 
imall liars, which my former telefcopes had not light enough 
3 to 
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to eficCt. The portipii of this, ext en five trad, which it has 
liitherto been convenient for me to obferve, is that immediately 
about the hand and club of Orion. The glorious multitude 
of dars of all poflible fizes that presented themfelves here to 
my view was truly aftonifhing; but, as the dazzling brightnefs 
of glittering ftars may eafily jniftead us lb far as to eftimatje their 
number greater than it really is, I endeavoured to afeertain this 
point by counting many fields, and computing, from a meant 
of them, what a certain given portion of the milky way 
might contain. Among many trials of this fort I found, lad 
January the 18th, that fix fields, promilcuoufly taken, con¬ 
tained no, 60, 70, 90, 70, and ; 4 dars each. I then tried 
to pick out the mod vacant place that was to be found in that 
neighbourhood, and counted 63 ftars. A mean of the firft 
fix gives 79 ftars for each field. Hence, by allowing 15 mi¬ 
nutes of a great circle for the diameter of my field of view, we 
gather, that a belt of 15 degrees long and two broad, or the- 
quantity which I have often foen pais through the field of my 
telefcope in one hour’s time, could not well contain lefs than 
fifty thoufand liars, that were large enough to be diftinCtly 
numbered. But, befides thefe, 1 iuipeCted at lead twice as. 
many* more, which, for want of light, I could only fee now 
and then by faint glittering and interrupted glhnpfes. 

The excellent collection of nebulas and clufters of flairs 
which has lately been given in the Connoifance fa Temps for 
1783 aud 1784, leads me next to a iubjeCt which, indeed,; 
mud open a new view of the heavens, As loon as the fil'd of. 
thefo volumes came to my hands, I applied my former 20-feet 
refteCtor of 12 inches aperture to them; aud few, with the;, 
greated pleafure, that mod of the nebulae, which I had am/ 
opportunity of examining in proper , fituatfons, yielded to tb« *, 
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force of my light and power, and were refolved into ftars; 
For inft?anc<*,' the ad, 5, 9, 10, 12, 13, 14, 15/16, 19, 22, 24, 
*8, 30, 31, 37, 51, 52, 53-, 55, 56, 62-, 65, 66, 67, 71* 72, 
74, 92, all which are laid to be nebula; without ftars. have 
either plainly appeared to be nothing but ftars, or at leaft to 
contain ftars/and to fhew every other indication of con lifting 
of them entirely. I have examined them^yvith a careful feru- 
tiny of various powers and light, and generally in' the meri¬ 
dian. I Ihould mention, that five of the above, vh. the i-6th,, 
24, 37/52* 67, arc called clufters of ftars containing nebulo- 
fityj but my inftrument refolving alio that portion of them, 
which is called nebulous into ftars of a much lmaller fi/.e, T 
have placed them into the above number. To thelc maybe 
added the 1ft, 3d, 27, 33, 57, 79, 81, 82, ; loi, which in my 
7, 10, and 20-feet tefleftors (hewed a mottled kind Of nebOjo- 
lity, which ! (hall call relolvable; fo that I expeft: my prefent 
telefcope will, perhaps, render the ftars- vifibie of which !«• 
ftippofe them to be compofed. Here ! might point out many 
precautions neeeftary to be taken-withthe very beft inftruments, 1 
in order to fucteed in the refolution of' the moft 'difficult of 
them; but deferring this’at prefent too fexteii five fubjotft for a 
future opportunity, I proceed to (peak of the effects of 
inftrument With regard to nebulic. ■ • . ■ 

• My prefent purfuitsp as l obferved before,* requiring this 
tedelcope to aft: as a fixed inftrument/1 found it not convenient- 
to apply it to any other of the nebtftac in the Connoijj'ance des 
Temps but ftrch as came in turn ; nor/ indeed* was it neqeflary* 
to take any particular pains to look for them, it beingiutterly* 
impofttble that any one of them fhoukl efcape my. oblcrvation- 
when it paffed'the field of view of my telefcope. Tbefevy Which, 
I have already had an opportunity of ex ami n \ n g, ihe w piai nly thft, j 
1 tliofe 
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ttiofe moft excellent French aftronomers, MefT. Mfssif.r and Me- 
chain, faw only the more luminous part of their nebula;; 
the feeble fhape of the remainder, for want of light, efcaping 
their notice. The difference will appear when we compare 
my obfervation of the 98th nebula with that in the Conmijfance 
des Temps for 1784, which runs thus : “ Nebuleufe fans etoile, 
“ d'une lumiere extremement foible, au deflus de Taile boteale 
“ de la Vierge, fur le parallele et pr£s de l'etoile N° 6. cin- 
“ quieme grandeur, de la chevelure de Berenice, fuivant 
‘‘Flamsteed. M. Mechain la vit le 15 Mars, 1781.” 
My obfervation of the 30th of December, 1783, is thus: A 
large, extended, fine nebula. Its fituation fhews it to be M. 
Messier’s 98th ; but from the defeription it appears, that that 
gentleman has not feen the whole of it, for its feeble branches 
extend above a quarter of a degree, of which no notice is taken. 
Near the middle of it are a few ftars vifible, and more fufpe&ed 
My field of view will not quite take in the whole nebula. See 
fig. 1. tab. XVn. Again, N° 53. “ Nebuleufe fans etoiles, 
** decouvertp au-deflbus et pres de la chevelure de Berenice, a 
“ peu dp difiance de l’etoile quarante-deuxieme de cette conftel- 
“ lation, fuivant Flamsteed. Cette nebuleufe eft ronde et 
“ apparente, &c.” My obfervation of the 170th Sweep runs 
thust A clufter of very Clofe ftars; one of the moft beautiful 
objefis l remember to have feen in the heavens. The clufter 
appears un'ddr the form of a (bird ball, confiftitig of fmall ftars, 
quite comprpfted into one blaze of light, with a great number 
of loo.^ 1 ones furrounding it, and diftin&ly vifible in the gene¬ 
ral mats.' $ce fig. 2. 

"Wfipn i began my prefent feries of observations, I furrrrifed, 
tbatfevefii' nebulae might yet remain undifeovered, for want 
oCfufi&cknt light to deteft them; and was, therefote, m hope# 

of 
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of making a valuable addition to the clufters of ftars and ne* a 
bulie already collected and given us in the work before referred; 
to, which amount to 103. The event has plainly proved 
that my expectations were well founded: for I have already 
found 466 new nebula? and cluftcrs of ftars, none of which, 
to my prelent knowledge, have been feen before by any perfon ; 
tnoft of them, indeed, are not within the reach of the beft 
common telefcopes now in ufe. In all probability mauy more 
are ftill in referve; and as I am purfuing this track, I lhall 
make them up into feparate catalogues, of about two or three 
hundred at a time, and have the honour of prefenting them in 
that form to the Royal Society. 

A very remarkable circumftance attending the nebulae and 
dufters of ftars is, that they are arranged into ftrata, which 
feem to run on to a great length ; and fome of them I have 
already been able to purlue, fo as to guels pretty well at their 
form and direction. It is probable enough, that they may fur- 
fpund the whole apparent fphere of the heavens, not unlike 
the milky way, which undoubtedly is nothing but a ftratum of 
fixed ftars. And as this latter immenfe ftarry bed is not of 
equal breadth or luftre in every part, nor runs on in one ftraight 
djredion, but is curved and even divided into two ftreams 
along a very confiderable portion of it; we may likewife expeCt 
the greateft variety in the ftrata of the clufters of ftars and ne¬ 
bula. One of thefe nebulous beds is fo rich, that, in palling 
through a feCtion of it, in the time of only 36 minutes, I 
detected no lefs than 31 nebula, all diftinCtly vifible upon a 
fitie blue Iky. Their fituation and lhape, as well, as condition, 
to denote the greateft variety imaginable. In another 
fttatum, or perhaps a different branch of the former, I have, 
feen double and treble nebula, varioufly arranged} large ones 
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with, fmall, feeming attendants; narrow but much •extendojl, 
Judd nebula; or bright da flies; fome of the fliape of a &», yh, 
fembling an eledric brufh, iffuing from a lucid point; 
of the cometic fliape, with a feeming nucleus in the center»* 
or like cloudy ftars, furrounded with a nebulous atmofphere; a 
different fort again contain a nebulofity of the milky kind. Idee 
that wonderful, inexplicable phenomenon about 6 Orionis ; 
while others fliine with a fainter, mottled kind of light, which 
denotes their being refolvable into ftars. See fig. 3 , &c. But it 
would be too extenfive at prefent to enter more minutely into 
fuch circumftances, therefore I proceed with the fubjdlt of ne¬ 
bulous and ftdereal ftrata. 

It is very probable, that the great ftratum, called the milky 
way, is that in which the fun is placed, though perhaps not in 
the yery center of its thicknefs. We gather this from the 
appearance of the Galaxy, which feems to encompafs the whole 
heavens, as it certainly muft do if the fun is within the fame. 
For, fuppofe a number of ftars arranged between two parallel 
planes, indefinitely extended every way, but at a given coafi- 
derable diftance from each other; and, calling this a fidereal 
ftratum, an eye placed fomewhere within it will fee all the 
liars in the direction of the planes of the ftratum projected 
into a great circle, which will appear lucid on.account of the 
accumulation of the ftars; while the reft of the heavens, at 
the&des, will only feem to be fcattered over with conftella- 
more or lefs crowded, according to thediftaucc pf .thc 
planes or number of ftars contained in the thicknefa or fides of 
the ftratum. < * > •, v » • . . * 

* Thus, in fig. ifi.(tahi XVIU.) an eye at S within the ftratum 
«£, will fee the ftars in thedire&ion of jtslength aK or knight 
with all thofe in the intermediate fituations, projected into the 
Vol.LXXIV. Mmm lucid 
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lucid circle ACBD; while thofe in the fides m v f ««, will be 

feen fcattered over the remaining part of the heavens at 

MVNW. 

If the eye were placed fomewhere without the ftratum, at 
Ho very great diftance, the appearance of the ftars within it 
Would afl'ume the form of one of the lefs circles of the fphere, 
which would be more or lels con trailed to the diftance of the 
eye; and if this diftance were exceedingly increafed, the whole 
ftratum might at laft be drawn together into a lucid fpot of any 
fliape, according to the pofition, length, and height of die 
ftratum. 

Let us now fuppofe, that a branch, or fmaller ftratum, 
fhould run out from the former, in a certain dirc&ion, and tlet 
it alio be contained between two parallel planes extended inde¬ 
finitely onwards, but fo that the eye may be placed in the great 
ftratum fomewhere before the reparation, and not far from the 
place where the ftrata are ftill united. Then will this feoond 
ftratum not be proje£led into a bright circle like the former,but 
will be feen as a lucid branch proceeding from the fir ft, add 
returning to it again at a certain diftance left than a femi-clrcle. 

Thus, ki-the fame figure, tbe ftars in the fraall ftrajcooepp 
Will be groje&ed into a bright arch atPRftP, which, after it* 
jfeparation ftom the circle CftP, unites with it again at P. >ir. 

What has betninftanced in parallel planes may eafily he ap* 
plied to ftrafti irregularly bounded, and running in various dhuri* 
dons; for dh&r^^ddottawitt of confequenee vary «tco*i 5 ajg 
to the^oantkiespf the variations an the ftrata andtheudiftaete 
of the eye from the fame. And thus any kind of curvahueit, 
at well a* various <££fereftt degrees hf brighttiefs, may be $to- 
ftuoed in the projections. •' 1 * I'.-/ . 
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Frdm appearances then, as I obferved before, we may infer, 
that the fun is moft likely placed in one of the great flrata of 
the fixed ftars, and very probably not far from the place where 
fome fmaller ftratum branches out from it. Such a fuppofition 
will fatisfadorily, and with great fimplicity, account for all 
the phaenomena of the milky way, which, according to this 
hypothefis, is no other than the appearance of the projedion of 
the ftars contained in this ftratum and its fecondary branch. 
As a farther inducement to look on the Galaxy in this point of 
view, let it be confidered, that we can no longer doubt of its 
whitilh appearance arifing from the mixed luftre of the nura- 
berlefs ftars that compofe it. Now, fhould We imagine it to 
be an irregular ring of ftars, in the center nearly of which we 
muft then fuppofe the fun to be placed, it will appear not a 
little extraordinary, that the fun, being a fixed ftar like thole 
which compofe this imagined ring, fhould juft be in the center 
of fuch a multitude of celeftial bodies, without any apparent 
reafbn for this lingular diftindkm; whereas, on our fuppofi- 
lion, every ftar in this ftratum, not very near the terminatioa 
of its length or height, will be fo plated as alfo to have' its 
own Galaxy, with only fuch variations in the form and luftre 
of it, as may arife from the particular fituation of each ftar. 

Various methods may be purfued to come to a full know¬ 
ledge of the fun's place in the fidereal ftratum, of which 1 
lhall only mention one as the moft general and moft proper for 
determining this important point, and which I have already 
begun to put in pradice. I call it Gaging the Heavens , or the 
Star-Gage. It confifts in repeatedly taking the number of ftars 
in ten fields of view of my refledot very near each other, and 
by adding their fums, and cutting off one decimal on the right, 
a mean of the contents of the heavens, in ill the parts which 

M m m 2 are 
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are thus gaged, is obtained. By way of example, I have joined a 
thort table, ext rafted from the gages contained in my journal; 
by which it appears, that the number of ftars increafes very 
aft as we approach the Via JLaftea. 

X 


jN. P. D. 92 to 94°^ 

R. A, 

Gage. 

15 *0 

9-* 

15 22 

10.6 

*5 47 

10.6 

16 8 

12.X 

16 25 

13.6 

16 37 

18.6 ) 


N.P. D. 78 to 8o°^ 

R. A. 

Gage;, i 

11 16 

3.1 , 

12 31 

3*4 

12 44 

4.6 

12 49 


l 3 5 

3 - 8 

H 3 ° 

1 3.6 


'fhus, in the parallel from 9 a to 94 degrees north 
polar diftance, and R. A. 15 b. 10', the ftar-gage runs up 
from 9.4 ftars in the field to 18.6 in about an hour and a half; 
whereas in the parallel from 78° to 8o° north polar diftancc* 
and R. A. 11, 12, 13, and 14 hours, it very feldocfe 
jrifes above 4. We are, hougpver, to remember, that widt 
different inftruments the account of the gages will be vety 
different, efpecially on our fuppofition of the fituation of the 
fun in a ftratum of ftars. For, let a b, fig. 1 j. be the ftratum,,an 4 
fuppofe the fmall circle g A/!■ to reprefent the fpace into which, 
by the light and power of a given telefcope, we may pene¬ 
trate ; and let GHLK be the extent of another portion, which 
we are enabled to yifit by means of a larger aperture and power j 
it is evident, that the gages with the latter inftrumeut will 
differ very much in their account of ftars contained at MM, 
and at KG or LH; when with the former they will hardly be 
affefted by the change from m n to kg or lb+ And this accounts 
fox what a celebrated author fays concerning the effefts of tele* 

fcopes. 
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Scopes, by which we mu ft uuderftand the beft of thofe that 
ate in common ufe *. 

It would not be fafe to enter into an application of theie, and 
fuch other gages as I have already taken, till they are fuffi- 
ciently continued and carried all over the heavens. I fhall r 
therefore, content myfelf with juft: mentioning that the fitua- 
tkm of the fun will be obtained, from coniidering in what 
ananner the ftar*gage agrees with the length of a ray revolving 
,'n feveral diredions about an aflumed point, and cut off by the 
bounds of the ftratum. Thus, in fig. 18. let S be the place of 
an obfervcr; S r r r, S r r r, lines in the planes r S r, r S r, drawn 
from S within the ftratum to one of the boundaries, here re- 
prefented by the plane AB. Then, fince neither the fituation 
of S, nor the form of the limiting furface AB, is given, we 
are to aftiime a point, and apply to it lines proportional to the 
feveral gages that have been obtained, and at fuch angles 
from each other as they may point out; then will the termi¬ 
nation of thefe lines delineate the boundary of the ftratum, 
and confequently manifcft the fituation of the fun within, the 
fame. But to proceed. 

If the fun Ihould be placed in the great fidereal ftratum of 
the milky way, and, as we have furmifed above, not far from 


* On voit avcc les telefcopea des etoiiet dkns toutcs let partial du cicl, k peu 
pres comma dans la vote la&eie, on dans le« nebuleufcs. On nc fauroit douter 
qu’une panic de l*£clat ct dc la blancheur dc la voie la&ee, »e provienne dc la 
lum&re des petites Voiles qui $*y trouvent en effet par millions; cependant* avcc 
ks phis grands tekfeopes, on n’en diilingue pas afllk, ct dies n*y font pas aflet 
rapprochccs Ics ones .des autres pour qu’on puifle attribucr k ccllcs qu’on. diftingue 
la blancheur dc la voie la&ce, fi fenfiblc k la vue fimple. L’on no fauroit done 
prononcer quo lot doiles foient la feulc caufe dc cette blancheur, quoique nous no* 
connoiflions aucune manierc fotis&ifantc dc 1’cxpliqucr. Ait M. P$ lA 
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the branching out of a fecondaty ftratum, it wift very 'MM$ 
rally lead us to guefs at the caufe of the probable motion of 
the folar fyftem: for the very bright, great node of the Via 
Lafitis, or union of the two ftrata about Cepheus and Caffiopeia, 
tind th ! e Scorpion and Sagittarius, points out a conflux of ftar* 
attahifeftly quite fufficient to occafion a tendency towards that 
tiodd in any ftar fifuated at no very great diftance; and the 
Secondary branch of the Galaxy not being much lefs than a 
femi-circle feems to indicate fuch a fituation of our folar fyftem 
in the great undivided ftratum as the moft probable. 

What has been faid in a former paper on the fubjeft of the 
folar motion feems alfo to fupport this fuppofed fituation of 
the fun; for the apex there afligned lies nearly in the direction 
of a motion of the fun towards the node of the ftrata. Be- 
fides, the. joining ftratum making a pretty large angle at the 
jun&ion with the primary one, it may eafily be admitted, that 
the motion of a ftar in the great ftratum, efpecially if fituated 
cpnfiderably towards the fide fartheft from the fmall ftratum, 
will be turned fufficiently out of the ftraight dire&ion of the 
.great ftratum towards the fecondary one. But I find mjrfelf 
infehfibly led to fay more on this fubjeft than I am aa yet au- 
thorifed to do; I will, therefore, return to thofe obfervations 
which have fuggefted the idea of celeftial ftrata. 

In my late obfervations on nebulae 1 foon found, that I ge¬ 
nerally detected them in certain dire&iona rather than in other* $ 
that the Ipaces preceding them were generally quite deprived of 
their liars, lb as often to afford many fields without a fingle 
ftar in it; that the nebulae generally appeared fome time after 
among ftars of a certain confiderabie lute, and but feldom 
among vety fmall ftars 4 that when I came to one nebula, I 
.generally found feveral more in the neighbourhood; that after¬ 
wards 
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wards a cotifidcrable timepafied before I came to another par? 
feel; and tbefe events being often repeated in different altitudes 
of my inftruchent, and fbmc erf them at a cotifidcrable diftatice 
from each other, it occurred to me, that the intermediate 
fpaces between the fweeps might alfo contain nebulae; and 
finding this to hold good more than once, I ventured to give 
notice to my affiftarit at the clock, “ .to prepare, fince I ex- 
“ pefted in a few minutes to come at a first um of the nebulae, 
“ finding myfelf already" (as I then figuratively exprefled it) 
“ on nebulous ground.’* In this I fucceeded immediately fo 
that I now can venture to point out feweral not far diftant 
places, where I fhall foon carry my telefcope, in expc&ationof 
meeting with many nebulae. But how far thefe circumfiances 
of vacant places preceding and following the nebulous ft rata, 
and their being as it were contained in a bed of flars, fpxriagly 
fcattered between them, may hold good in more diftant por¬ 
tions of the heavens, and which 1 have not yet been* able to 
yifit in any regular manner, 1 ought by do means to hazard a 
conje&ure. The fobjeft is new, and we xnufi attend to obfer- 
vatioas, and be guided by them, before we form general 
opinions. • 

Before I conclude, I may, however, venture .to add a few 
particulars about the dire&ion of fome of the capital ftrata or 
their branches. The well known nebula of Cancer, vifible to 
the naked eye, * probably one belonging to a certain, ftratmn, 
in which Ifoppofe it to befopiacedasUolie aeareft tons; This 
firatumf fhall call that of Cancer. It runs from < Chosen 
towards the fouth ovefiiw 67 nebula of the Command As 
Setops, which is a very beautiful and pretty much, co mgw fied 
tfiifier of ftars, eafily to be fees by any good telefcope, and in 
wbkh i have obfcmid above aoa fiats -at once ia the field of 


view 
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view of my great refledor, with * power of 157. This clufter 
appearing fo plainly with any good, common- telefcope, and 
being fo near to the one which may be foen by die naked eye, 
denotes it to be probably the next in diftance to that within the 
quartile formed by y, I, 6; from the 67th nebula the ftratum 
of Cancer proceeds towards the head of Hydra; but I have not 
yet had time to trace it farther than the equator. 

Another ftratum, which perhaps approaches nearer to the 
folar fyftem than any of the reft, and whole (ituation is nearly 
at redangles to the great lidereal ftratum in which the fun rt 
placed, is that of Coma Berenices, as 1 (hall call it. I fuppofe 
the Coma itfclf to be one of the dufters in it, and that, on ac» 
count of ks nearnefs, it appears to be fo (battered. It has 
many capital nebulae very near it; and in all probability this 
ftratum runson a very confiderable way. It may, perhaps, 
even make the circuit of the heavens, though very likely not 
in one of the great circles of the fphere: for, unlefs it (hould 
chance to interfed the great fidereal ftratum of the milky way 
before-mentioned, in the very place in which the fun is fta~ 
honed, fuch* an appearance could hardly be produced. How¬ 
ever, if the ftratum of Coma Berenices (hould extend fb far as 
(by taking in the affiftance of M. MEssiEaVand M. Me chain’s 
excellent observations of fcattered nebulae, and fome detached 
former obfervations of my own) I apprehend it may, the dir 
redion of k towards the north lies probably, with fome wind¬ 
ings, through the great Bear onwards to- Caflbpeia; thence 
through the girdle of Andromeda and the northern Fifli, pro¬ 
ceeding towards Cetus; while towards the fouth it paflef 
through the Virgin, probably on to the tail of Hydra and the 
head of Centaurui. But, notwithftanding I have llready fully 
efcertained the exiftence and dire&ion of ftratum for mom 
3 than 
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than 30 degrees of a great circle, and found it almoft every 
where equally rich in fine nebulae, it ftill might be dangerous 
to proceed in more extenfive conje£tures, that have as yet no 
more than a precarious foundation. I fhall therefore wait till the 
obfervations in which I am at prefent engaged (hall furnilh me 
with proper materials for the difquifition of lo new a fubjefb 
And though my fingle endeavours Ihould not lucceed in a 
work that feems to require the joint effort of every affironomer, 
yet lo much we may venture to hope, that, by applying our- 
lelves with all our powers to the improvement of telelcopes, 
which I look upon as yet in their infant Hate, and turning 
them with alfiduity to the ftudy of the heavens, we lhall in 
time obtain fome faint knowledge of, and perhaps be able 
partly to delineate, the Interior Con/iruStion of the Univerje. 

Datchet near Windfor* 

April, >784. WILLIAM HERSCHEL. 
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XXXIV. An Account of a new Species of the Bark-Tree, found 
in the IJland of St. Lucia. By Mr. George Davidfon ; com¬ 
municated by Donald Monro, M. D. Phyfcian to the Army y 
F. R. S. 


Read June 24, 1784. 


DR. DONALD MONK©* 


SIR, 


H AVING received from my correfpondent Mr. David¬ 
son, lurgeon, in the lfland of St. Lucia, fome Bark, 
the produft of that ifland, which is faid to poffefs the virtues 
«f the Jefuit’s Bark, and in a much fmaller dole, I (hall 
efteem it a favour if you will lay before the Royal Society the 
fpecimen which I have fent to you with this letter, together 
with Mr. Davidson’s account of it, if you think they me¬ 
rit that honour. 

I have examined the dried fpecimens very carefully. They 
are not fo well prelerved as I could wilh ; but I have lince feen 
much finer in the pofl'effion of Sir Joseph Banks, who has. 
done me the honour to favour me with the following character, 
as moll dillin&ive of it from the other fpecies of Cinchona 
already delcribed, which he gave me an opportunity of 
•xamining. 

It 
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It is undoubtedly a Cinchona, - but not the Cinchona-offici* 
nalis of Linnaeus ; for it differs from it eflentially in its bark, 
in feveral particulars. It has an emetic quality not common to 
the true bark, breaks more woody and fplintery, and is far 
more naufeous to the tafte. Its deco&ion is of a dull Bur¬ 
gundy colour; and its extract refembles more the bitter of 
Gentian than that of the Quinquina. I have procured four 
ounces of it from half a pound of the Bark boiled in water, 
and herewith fend to you a fmall fpecimen. 

The-drawings, which accompany this letter, are exa£t co¬ 
pies of the fpecimens which I received; I therefore hope they 
will not be thought unworthy the acceptance of the Royal 
Society. 

I have the honour to be, &c. 

Henrietta-ftrcet, Nov. 6, 1783. G. WILSON. 

Botanic character of the Bark-Tree of St. Lucia. 

“ Cinchona floribus paniculatis, glabris; laciniis linearibusj 
tubo longioribus; ftaminibus exfertis; foliis ellipticis, glabris.’* 

i 


V 

Extract of a Letter from Mr. George Davidson, dated St. 
Lucia, July 15, 1783. 

IT i 3 now about four years fince Mr. Alexander 
Anderson difeovered in the woods, near the Grand Cul de 
Sid, fome trees refembling, in the botanical characters, the 

N n n a true 
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true Qutnqtuofe of Lxnnjeub. He brought the hark, flowers, 
end feeds, to Dr. Young of the General Hofpital, and trial 
was made of it there; but not beipg fufficiently dried, its ftrong 
emetic and purgative qualities prevented its exhibition. 

The publication of Dr* Saunders, which I received about 
two months ago, mentioning the introduction of a fpecies of 
bark of a redder colour, and pofleffing greater powers than 
the bark formerly in ufe, induced us here to try the bark of 
this country. Dr. Young had by him fome that was col¬ 
lected in General Grant’s time: on account of the length of 
time it had been kept, and its being fufficiently dried, lie has 
met with all the fuccels he could wifh. 

It is manifeftly more aft r in gent than the bark, and the bitter 
is likewife more durable on the palate. 

Hitherto I have generally ufed the cold infufton, either in 
lime or fimple water, in the proportion of one ounce to three 
pints of the water. I have likewife given it in fubftance from 
twenty to thirty grains; hut never exceeded the laft quantity, 
for I never found the ftomach able to retain more than twenty 
grains. 

Joined with theCanella alba, ft forms in fpirits an agreeable 
and elegant tinCture. I have made a tinCture from the feeds, 
which are infinitely ftronger in tafte than the bark itfelf. 

(Signed) GEO* DAVIDSON* 


Mr* 
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Mr. George Davidfon’s account of the Bark-Tree of the ifland 

of St. Lucia. 

THE Bark-Tree of this ifland is nearly about the flze of the 
cherry-tree, feldom thicker than the thigh, and tolerably 
ftraight; the wood is light and porous, without any of the 
bitternefs and aftringency of the bark itfelf. 

It delights in a fhady fttuation, the north-weft afpeft of 
hills, under larger trees; and is generally to be found about 
the middle of an hill, near fome running water. 

The leaves are large, oblong, oppofite, and plain, preferving 
(as well as the flowers and feeds) the better tasfte of the bark. 

In the beginning of the rainy feafon (June), the tree puts 
forth its flowers in fmall tufts; at firft they are white, but 
afterwards turn purplifti. The ftamina are five in number, 
with a Angle ftyle. The germen is oblong, bilocular, and 
furrowed on each fide. The feeds are many, and of the winged 
kind. The corolla is monopetaloua, with its mouth divided 
into five long fegments. 

The foil in general where it grows is a ftiff red clay. The 
bark itfelf is of a lighter red than that fent out here to the 
hofpital under the name of red bark. It inclines more to the 
colour of cinnamon. The bitternefs and aftringency appear to 
be greater than in either of the other barks. 

I apprehend, the proper feafon for obtaining it is about tho 
month of March, before the flowers come out: after-expe¬ 
rience will beft determine this. 

Infufed in cold water, in which form, or in lime-water, I 
generally ufe it, it forms a very red tin&ure, poffefling the 
3 bitternefs 
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bitternefs and aftringency of the bark' very ftrongly. A few 
drops of the Tinttura florum martialium give it a very black 
colour, and occafion a copious deposition of a black Sediment. 
It does the firme with the Spirituous tinflure. 

With Spirits it forms a beautiful red tindlure. 

Explanation of the references tab. XIX. 

A. A branch of the Cinchona of St Lucia, with the flowers 

not yet opened. 

B. The entire feed-veflels. 

C. A feed-veflel Split. 

D. One of the Seeds, of its natural fifcc. 

-E. The Same magnified. 
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XXXV. An Account of an Obfervation of the Meteor of Auguft: 
18, 1783, made on Hewit Common near York. In a Letter 
from Nathaniel Pigott, Efq. F. R. S. to the Reverend Nevil 
Mafkelyne, D. D. F. R. S. and AJironomer Royal. 


Read June 24, 1784. 


BEVEREND SIR, York, Oft. 18, 1783. 

O N the 19th of laft Auguft I communicated to you an ac¬ 
count of the remarkably fine meteor, whidh I had feen 
tinder circumftances peculiarly favourable the preceding night. 
I was then preparing myfelf for a journey into the Eaft Riding; 
and, on that account, obliged to poftpone the verifications, 
mentioned hereafter, till my return. 

On. the 18th of Auguft, about ten o’clock P.M. after a hot 
day, the weather a little hazy, but not fo as to obliterate the 
liars, and no wind, being on horfeback, in company with two 
other gentlemen, on Hewit Common, about three miles from 
York,my attention was attratfted towards the W.N.W. by feverai 
faintflafhes of lightning, fuch as arc often feen near the horizon, 
or which may be ftill better compared to flafhes of an aurora 
bprealis.. Soon after which I perceived fome luminous matter 
in motion, and collecting together from feverai directions, fig. 
1. (tab. XX.) which immediately taking fire prefented itfelf under 
the form of a ball, of fo vivid a brightnefs, that the whole 
horizon was illuminated, fo that the fmalleft objeCt might 
a. havn 
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have been feen on the ground. This ball, when formed, be¬ 
gan to move, with an eafy Hiding motion, from W.N.W. 
towards the S.S.E. It fuggefted the idea of a highly brilliant 
comet, emitting a train or tail, but of a different colour from 
the ball itfelf, this lafl being of a moft brilliant bluifh white, 
and the tail of a dufky red,' the length of which appeared to 
extend over fifteen or more degrees of the heavens, fig. 2. 
The apparent diameter of the nucleus feemed one-third or one- 
fourth of the full moon’s diameter. The greateft difficulty in 
this eftimation hence arifes, that I cannot, notwithftanding all 
my endeavours, reprefent in my mind the moon otherwife 
than as a plane or difk; nor the meteor, than as a fpherical body. 
The altitude of it, when it formed in the W.N.W. was about 
30° ; and about 19 0 or 20° above the horizon, when it became 
jextinft in the S.S.E. a few fparks of the tail, nearefl the 
nucleus, fcattering themfelves much in the fame manner as 
thofe of a fky-rocket when burnt out, fig. 3. 

It has been faid, that the ball divided itfelf into three or 
four parts before its ex tin ion. To me it appeared to vanifh 
or gently die away: what confirms me in the opinion, that it did 
not divide, is, that the three or four fcattering parts above-men¬ 
tioned were not of the bright colour of the ball itfelf, but of 
the dufky red which the tail invariably fhewed. The interval 
of time from the meteor’s formation to its extinction was 
nearly twenty feconds, perhaps two or three feconds lefs. The 
long habit I have of counting feconds in agronomical ob- 
fervations induces me to think this quantity may be relied on ; 
and this I mention, becaufe fome have eftimated it more, lome 
lefs. Nine or ten minutes after its diffipation, 1 heard a noife, 
much refembling the report of a cannon at a very great dis¬ 
tance; but I would not wifh to have it underflood, that I 

fpeak 
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fpeak 10 thit laft interval with the fame certainty as to the 
other; if. however, it be exa&, aud fuppofmg found to move 
tio6 feet in one fecond of time, and the lame in the upper 
regions of the atmofphere as here below, which, however, 
may be very different, its diftance from me, at its extinction, 
muft have been about 120 miles, and its perpendicular altitude 
above the earth's furface about 40 miles. 

I have added a fclieme and a fmall (ketch, prefuming by 
that means to convey a clearer idea of what I faw. The alti¬ 
tudes, azimuths, &c. are not merely from eftimation. After 
my return from the Eaft Riding, I went to the very fpot, where 
I had feen the meteor on the 18th of Auguft. The road, as 
in the fcheme, being exactly ftraight from my ftation, belli 
towards and from York, no miftake can arife in that refpelt. 
With all the circumftances clearly and forcibly impreffed oh 
my mind, I watched till fome remarkable fpot ift the (ky pre- 
fented itfelf at the fame place in which I had feen the meteor 
itfelf form, crofs the road, vanifli, &c.: then, with a theo¬ 
dolite, I took the feveral bearings, which may be the' more 
relied on, as 1 repeated the operations three different times, oh 
different fpots, which agree furprifingly well for meafures 
where no minute cxa&nefs can be expeCted. I have marked 
minutes in the fcheme, becaufe the refults gave them, without 
any pretenfion to fuch nicety. 

I am, &c. 

NATH. PIGOTT. 

X 
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iEdward Figott, Ef<j. to tire Rdv. Nevil Mafkefyoe, tDh 
jFi R. S. and sifirttnamer Rayed. 
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•IEVEREKd SIR, York, 0cc ti, i)rS> 

TjT A VIN G compleaitd nay ebfervations ©f the comet I 
A* dilc'ovet'ed oh the H)th of November laft, I take the 
liberty of dt thing you to ^refent them to the .Royal Society. 
Thefhintneft of the Comet’s light, mid 'the junfavomahle Iky 
you jJhave had in 'the foufch, 'induce me to believe, that few 
ebfervatkms-of it have been ! made befidesthe following. 
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The R. A*s of November 20th, 24th, and z6th, were de¬ 
duced from obfervations made at the tranfit kiftrument: the 

*tr V 

others, except the firft, were ’determined with an excellent af 
feet night-glafs, made by Dollond, magnifying ao times, 
having crofs wires at right apgles in ks focus, which Were 

3 m ' idiible 
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vifibk without being illuminated With this mftrumenf the, 
cornet, by the common method, was compared to ftars in the ) 
field of the tekfeope, and within four minutes on the fame 
parallel. The places of thofe ftars were afterwards fettled 
with the meridian inftruinents. As fometimes feveral ftars 
were obferved, I eafily found to what degree of certainty thofe 
obfervations might be depended on', which I have marked with 
the above refults. The declinations, I think, cannot err two 
minutes, being compared to ftars within four minutes ou the 
fame parallel. The three of November 20 th, 24th, and 36th, 
were taken with the tranfit inftrument by comparing the comet 
to the nearest ftars. I was much chagrined in net being able j 
to fee the comet in our equatorial when the wires were illu-. 
minated. 

The comet had exadly the appearance of a nebula: 
its light was fo faint that it could not be feen in a 
good opera glafs. In the night-telefcope the nucleus was 
lcarcely vifible, and the diameter of the furrounding coma 
was about three minutes of a degree. Between the 19th and 
26th of November, I thought it had rather diminiftied in 
brightnefs. December the ift and ^4 it was very difficult to 
be feen, occafioned perhaps, byt.lK jittle elevation above the 
horizon. Between Decem|^| |i^ |d,*ad noth, the comet was 
entirely effaced by the incri^Hp^t: of the Moon. On the 
10th, the moon being in the bbfpftn did not obliterate ftars of 
the eighth or ninth magnit^dS^^I cou$d not find the comet. 
The following obfervations were : t£»de by my friend Mr. John 
Goods ices. 


O 0 o 2 


Dates 



Mr. Pioott’s Ohftrvathns of tie Comet of 1783. 



I am, &c. 

EDW. PIGOTT* 

* 

P. S. This morning I received a letter from M. de 
Mechain, in which he informs me, that he difeovered the 
comet on the 26th of November feven days after my firft ob- 
fervation. He has made feveral obfervations on it. 
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XXXVII. Experiments on mixing Gold with Ttn. In a Letter 
from Mr. Stanelby Alchornc, of his Maieffs Mint, to Pete* 
Woulfe, Eft. F. R. S. 

Read June 24.* 17&4. 

DEAR STR, Tower of London* 

March 25, 1784* 

Y OU know It Is a generally received opinion among me* 
tallurgifts, that tin has a property of deftroying the duc¬ 
tility of gold, on being melted with it, even in very fmali 
quantities. Our late ingenious countryman Dr. Lewis, in his 
Philofophical Commerce of Arts, p. 85. has well exprefied 
the fenfe of moft writers on this fubjeft, in the following 
words r “ The moft minute proportion of tin and lead,” lays 
he, ** and even the vapours which rife from them in the fire, 
“ though not fufficient to add to the gold any weight fenfible 
“ in the tendereft balance, make it fo brittle that it flies in 
** pieces under the hammer.” 

Divers circumftances, neverthelefs, long fince Induced me 
to dilbelieve the fa&; but thefe, having chiefly arifen from 
fmali experiments, did not iieem to warrant any general con- 
clufion. A late public occafion, however, which led me to 
various trials of mixing thefe metals together, in different, pro¬ 
portions, and in fufficiently large quantities, has put the'matter 
out of difpute; and (hewn me, that tin, in fmali quantity at 
leaft, may be added to gold, either pure or alloyed, without 
producing any other effeft than what might eafily be con¬ 
ceived,, 
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ceived, h prion, from the different texture of the two metal*. 
In confirmation of which, I beg leave to lay fome of the ex¬ 
periments before you, 

* 

, EXPERIMENT I. 

Sixty Troy grains of pure tin were ftirred into twelve ounce* 
of refined gold, in fufion ; and the mixture was then caft into 
a mould of fand, producing a flat bar, one inch wide, and one- 
eighth of an inch thick. The bar appeared found and good, 
fuffered flatting under the hammer, drawing feveral times be¬ 
tween a large pair of Heel rollers, and cutting into qircujai; 
pieces, of near an inch diameter, which bore damping in 
money-prefs, by the ufual ftroke, without (hewing the lead 
fign of brittlenefs ; or father with much the fame duftility as 
pure gold. 


EXPERIMENT II. 

Ninety grains of like tin were added to twelve ounces of 
fine gold, ftirred, and caft as above. The bar produced was 
fcaxcely diftinguiftuble from the former, and boro all the ope¬ 
rations, as before-mentioned, quite as well. 

EXPERIMENT III. 

One hundred and twenty grains of fine tin were mixed with 
twelve ounces of fine gold, and being caff like the foregoing, 
produced a bar rather paler and harder than the preceding, 
but which differed the like operations Very well; except that, 
on drawing between rollers, the outer edges were difpofed to 
crack a little. 

E X P K- 
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ExmixixT m 

Ofi» Iftmdred and forty grain*, or ‘half an ounce, of the 
like grtrtpeti tin, were mixed, as before, with twelve ounces 
tJf fee 'goldj and the bar refulting from this mixture was 
completely found and good; evidently paler and harder, how¬ 
ever, than any of the foregoing, and cracking rather more 
than the laft on palling between the Tollers; ‘but bearing every 
other operation, even ftamping under theprefs, by the common 
force, without any apparent injury. 

t-imtam v. 

One' ounce of tin was nextftirred into'twdve ounces of the 
like refined *gdtd, and then call: as before ; but *the bar pro¬ 
duced, though fetmmgly folid and good, was had coloured, 
brittle in texture, and, chi 'the frrft palling between the rollers, 
fplit into ftVer&l pieces, fo'that no‘fortherrrials were made 
with it. 


EXPERIMENT VI. 

' t { 

To inquire how far the fumes of tin, brought into contact 
With the gold, Would do more than mixing the metal in fub- 
. fence, a fmall crucible, filled with twelve ounces of fendard 
gold, 4.^- fine, was placed in a larger crucible, having one 
ounce Of melted tin in it, and kept there in fofion, the whole 
‘Wing Coveted by ' afiotheir lairge inverted crucible, for about 
hafffkft hour. Tn this time a foil quarter part of the tin was 
calcined; but the gold remained unaltered, and equally capable 
of being manufa&ured as another portion of the fame gold 
melted in the common manner. 


) 


It 
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It may well be a Iked, whether the tin, or pert of k, in 
every trial, might not be defiroyed, and thus render the con- 
elutions fallacious ? But as, in any of thefc experiments* not 
more than fix or eight grains of the original weight were mif¬ 
fing after the calling, and as even fine gold can fcarcely he 
melted without fome lofs in the operation, fo we may rea- 
fonably fuppofe, that our fmall lofles, in the foregoing trials, 
do not delerve confideration. 

The above experiments then fee in to Ihew, that tin is not lo 
mifchievous to gold as hath been generally reprelented. But 
it would be unlair to infer, that the original author of this 
do&rine (from whom lb many have implicitly tranferibed) had 
no foundation for the aflertion. Gold and Tin, indeed, are 
fubilances pretty well known ; but it is ealy to imagine, that 
coins or; trinkets may have been ufed for one, and impure tin, 
or pewter, perhaps, for the other; and it is difficult to guefs 
what might be the refult of fuch uncertain combinations. To 
inquire farther, therefore, the experiments were continued as 
follows. 


EXPERIMENT VII. 

To determine whether the two metals might be more inti¬ 
mately combined, and the mals rendered brittle, by additional 
heat; the mixture of gold and tin, produced in the firft of 
thefe experiments, was re-melted in a ftronger fire than before, 
and thus kept in fufion foil half an hour. By this operation 
fix grains only were loll in the weight; and the bar obtained 
was no kfs manufe&urable than at firft. 


E X P E- 
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m mixing Goia with Tin. 

EXPERIMENTS VIII. AND IX. 

The mixtures of gold and tin, from the fecond and fourth 
•experiments, were re-melted leparately, and one ounce of 
copper added to each. Being both well Birred, they were call 
as ufual; and the bars, though feniibly harder, bore all the 
operations of manufacturing as before. The laB bar cracked 
a little at the edges, on drawing through the rollers, as it had 
done without the copper, but not materially, and bore cutting 
rather better than in its former Bate. 

EXPERIMENTS X. AND XI. 

A quarter of an ounce of the laB mixture (being tin half 
an ounce, and copper one ounce, with gold twelve ounces), 
and as much of the bar from experiment the third (being tin 
one hundred and twenty grains with gold twelve ounces), were 
each melted by a Jeweller, in the moft ordinary manner, with 
a common fea-coal fire, into fmall buttons, without any lofs of 
weight. Thefe buttons were forged by him into fmall bars, 
nealing them often by the flame of a lamp, and afterwards 
drawn each about twenty times through the apertures of a 
fteel plate, into fine wire, with as much eafe as coarfe gold 
commonly pafles the like operation. 

BXPERIMEN T XII. 

To enquire whether the adding of tin to gold, already 
alloyed, would caufe any difference, fixty grains of tin were 
Birred into twelve ounces of ftandard gold, 4.4. fine ; and the 
refult paffed every operation before deferibed, without (hewing 
the lead alteration from the tin. 

For greater certainty, feveral other trials were made, of dif¬ 
ferent mixtures of copper, tin* and filver, with gold, even fo 
Vol. LXXIV. Ppp low 
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low as two ounces and a half of copper, with half an ounce oF 
tin, to twelve ounces of gold. But thefe are not worth par¬ 
ticularizing ; for they all bore hammering, and flatting by 
rollers, to the thinnefs of ftifF paper, and afterwards Working 
into watch-cafes, cane-heads, &c. with great eafe. They all, 
indeed, grew more hard and hatfh, in proportion to the quan¬ 
tity of alloy; but not' one of them had the appearance of 
what all workmen well know by the name of brittle gold. 
Whence it ihould feem, that neither tin in lubftance, or the 
fumes of it, tend much to render gold unmanufa&urable. 

Whenever, therefore, brittlenefs has followed the adding 
fmall quantities of tin to fine gold, it mud be fuppofed to have 
arifen from fome unfriendly mixture in the tin, probably from 
Arfenic; for other experiments have {hewn me, that twelve 
grains of regulus of arfenic, inje&ed into as many ounces of 
fine gold, will render it totally uumalleable. 

From the foregoing experiments, I prefume, we may fairly 
conclude, that though tin, like other inferior metals, will 
contaminate gold, in proportion to the quantity mixed with it, 
yet there does not appear any thing in it fpecifically inimical to 
this precious metal. And this being contrary to the doftrine 
of mod chemical writers, I fubmit to your better judgement, 
whether it may not be ufeful to publilh thefe experiments, by 
laying them before the Royal Society. 

I am, dec. 



S. ALCHORNE. 
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XJtXVfKF. Sur un tnoyen de dinner la Direct on aux Machines 
Aerojlatiques. Par M. Le Comte De Galvez. Communicated 
by Sir Jofeph Banks, Bart. P. R. S. 

Read July t, 1784. 

N OUS fouflignes certifions, que M. le Comte de Galvez 
nous ayant communique fes idees fur le moyen de pou- 
voir donner la dire&ion aux machines aeroftatiques, pour faire 
route a volonteet par un rumb certain et aflure dans l’air, prin- 
cipalement fonde fur differentes obfervations qu’il avoit faites 
fur l’ufage que les oifeaux font de leurs ailes quand ils volent, 
et fur celui que font les poiflons de leurs nageoires et de leur 
queue quand ils nagent: 

Nous nous Ibmmes tranfportes, l’apres-midi du premier 
Mars de cette annee 1784, au canal de Manzanares, od on 
avoit preparee une chaloupe de vingt-cinq pieds de long fur 
quatre et demi de large, avec une machine qu’il avoir inveutee 
pour demont-rer fes idees. Cette machine *, qui conliftoit en un 
chevalet qui alloit de poupe a proue a la hauteur de cinq pieds, 
etoit croifee en re&angles par trois vergues de bois elaftique, 
de dix-huits pieds de long chacune, avec une aile a chaque 
bout, compolee de baguettes de baleiue, couvertes d’un mor* 
ceau de taffetas de cinq pieds de long, et trois de large, laqueile 
<ftoit jointe par un de fes quatre cdtes a la vergue, de faqon que 
1’alle reftoit horifontale. Le mouvement fe communiquoit i 
chaque vergue, et par confequent a fes deux ailes, par un feul 
homme, qui tirant avec vitefie des corde* attachees auk bouts 
dc chaque vergue, les agitoit verticalement, d’ou refultoit que 

* Scc,«b. XXI. fig. I. 
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quand elles fe plioient, lcs ailes prenoient a leurs extremity 
une inclination de quarante-cinq degres de Fhofifoai. Co- 
snouvemeut et celui.de k rea£lion produiioient dans la chaloupe, 
oil il y avoit fix homines,, une impulfion qui la faifoit marcher 
contre le eon rant dw canal et lie peu d'air qu’il faifoit, cent ciu- 
quante p’rcds par minute, outse fbixaute pied’s qu’elle parcou- 
roitr avant de s*arreter depuis Finftant qu’on ceifott de mouvoir 
les ailes r elle parcouroit deux cents quarante-trois pieds- par 
minute, allant avecle courautet 1’air, par le meme naouveraent 
continu des atles* 

Nous ffimes tot» tres-etonnes die Feffet que produifit cette 
experience ' r car, quoique le defir qu’avoit l’inventeur de mettre 
ies id^es en pratique au plutot, fut caufe qu’il fe fervit d’une 
chaloupe lourde et mal eonftruite, avec laquelle les arias 
n’avoient point de proportion ; nous fomrnes perfuades que 
la fituation des ailes et leur mouvement vertical; qui. formoient 
lors qu’on lcs battoient un plan incline, imitant en cela les 
oifeaux et les poHIons, fourniflent un principe fftr et certain 
pourdonner une dire&ion par quelque rumb que fe fok, a toute 
efpece de corps qui nagent dans un fluide, et par confequent 
tres-applicable aux nouvelles machines aeroftatiques- 

Cette invention nous parole digne de l’approbation- et de 
I’eloge des phyficiensqni, fans doute, employeront leurs efforts 
pour lui donner toute la perfection dont elle eft fufceptible dans 
1’execution de fon mecanifme.. 

Et pour conftater que la. dite experience z etc finite die la ma» 
niere qu’on vient d’expofer, nous avons- figne la prefente certi¬ 
fication, atnfi qu’un deflein de k dite machine, a Madrid le 
deux Mars, mil fept cent quatre-vuigt-quatre. D. Josee be 
Viexa, D. AottSTiH Betancourt y Molina, D. Ricardo 
Woesley, Raim de S. Laurent, Casimire Ortega. 
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KXXIX. An extraordinary Caff of a Dropfy of the Ovarium , 
mtb fome Remarks . By Mr. Philip Meadows Martineau, 
Surgeon to the Norfolk and Norwich Hafpital; communicated 
by John Hunter, Efq. F. R. S. 


Read July t, 

S ARAH KIPPUS, a pauper hi the city of Norwich, was, 
for many years, a patient of my father’s, and, at his de- 
ceafe, was wider the care of Mr.. Scott, as city furgeon, who 
obliged me many times by taking me to the poor woman, fromi 
whom I received the account of the early part of her difeafe. 

Her complaints came on firft after a mifcarriage at the age of 
27. She had never been pregnant before; and her difcharges 
at that time were fo great as to bring her into a very weak 
condition. She foon perceived fome uneafinefs, attended with a 
fwelling, on one fide, which, after a few months, became too 
large to diftinguifh whether it was greater on one fide or the 
other. As the fwelling was found to arife from water, 
it was drawn off, which was m the year 1757. She was never 
afterwards pregnant; but the catamenia continued regularly 
till the ufual period of their ceflation. When 1 firft law her, 
which was in the year 1780, (he had been many times tapped, 
and fhe was then full of water. Her appearance wa6 truly 
deplorable, not to fay fhocking. She was rather a low wo* 
man, and her body fo large as almoft wholly to obfcute her 
face, as well as every other pari of her: with all fhe was tole* 
3 rably 
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rably chearful, and feldom regarded the operation. I faw her 
juft before we took away 106 pints of water, and I begged 
leave to take a meafure of her. She was fixty-feven inches and 
a. half in circumference, and from the cartilage enfiformk t# 
the o& pubis thirty-four inches. Her legs were now greatly 
fwallsd; but this, and every other fymptora of which fie 
complained, evidently arofe from the quantity and weight of 
water. She neither ate nor drank much, and made but a fmall 
quantity of urine. 

The operation of dewing off the water was generally per¬ 
formed on a Sunday, as the moft convenient day for her neigh- 
hours to affift her* and before the latter ead of the week flip* 
was able to walk very well. She was finft tapped in the yeaf 
*757,,and died in Auguft 1783. Thus lhe laved foil twenty-five 
years with fome Intervals of cafe, having eighty times under? 
gone the operation, and in all had taken from her 6631 pint* 
of; water, or upwards of thirteen hogfheads. 

I will fubjoin the account of the dates, and the quantity 
drawn off at each time, as given me by. Mr. Scott, obferving 
thalt till 1769 ao exaft memorandum was kept, except of the? 
number of tipaa 3 , although the. quantity of water drawn off 
was always naeafumk JBy my father ftie was tapped twenty* 
fot time s, averaged at 70 pints each time : by Mr. Donne once, 
73 pints, which m^kes 1683 pints from fome part of the year 
\J$f fp < 769. By Me. Scott as follows ; 



1769* 

Mar. 16. 
July 17. 
Nov. 20. 
Dec. 31. 

177°. 
April 15. 
Aug. 11. 
Dec. 4. 

, 77 t - 
Mar. 22. 

July 14. 
Nov. 3. 

1772. 
Feb. 22. 
June 6. 
Sept. 12. 
Dec. 12. 

* 773 * 
March 7. 
May 29. 
Aug. 29. 
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Pints. 

70 

7 2 

78 

70 


290 


70 

73 

76 


74 

78 

79 _ 

231 


79 

73 

74 

82 


308 


78 

7 l 

79 


1774. Pints. 
Mar. 13. 77 

June 26. 89 

061 . 23. 92 

258 

1 775 - 

Jan. 24. 94 

May 28. 91 

Sept. 13. 72 

Dec. 16. 80 


1776. 
April 9. 
July 28. 
Nov. 27. 


337 


84 

82 

85 


* 5 * 


1 777 - 

Mar. 16. 89 

July 27. 90 

Nov. 9. £8 

277 

1778. 

March 8. 96 
5 * 99 


* 779 - 

Pints. 

Feb. 28. 

106 

June 13. 

108 

Aug. 17. 

92 

061 . 24. 

99 

Dec. 10. 

9° 


495 

1780. 
Feb. 6. 

73 

Apr. 23. 

102 

July 24 - 

I06 

Sept. 10. 

95 

Nor. 12. 

9 *_ 
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Ml 

VJ 

CO 

++ 

• 


Jan. 1. 

ItX> 

Mar. 1 1 . 

94 

Jtine 25. 

100 

oa. 14. 

100 
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1782* 
Jan. 13. 

99 

Mar. 18. 

64 

June 2. 

74 

Ang. aj. 

98 
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Pints. 

104 
100 
98 

Aug.' 1 1 on opening 78 

380 

Total 6631 pints. 

% 

In looking over this account it appears, that. 108 pints was 
the greateft quantity ever taken away at any one time; that 
the was never tapped more than five times in any one year; 
and the largeft quantity in a year was 495 pints. The mod 
collected in the fhorteft fpace of time was 95 pints in feven 
weeks, from July 24th to September lothin 1780, which is 
very nearly two pints a day. It appears alfo, that in the laft 
14 years of her life, when a regular account was kept, fhe 
increafed falter in the winter than in the fummer months. 
If the fix fummer months from April to September indufive 
are reckoned, fhe loft in the 14 years in 23 operations 1972 
pints, and in the winter months from October to March inclu- 
five, by 30 tappings, 2596 pints; and it will be found, that 30 
is to 2596 rather more than 23 to 1972, fb that feven more 
tappings were at leaft neceflaiy in the winter than in the fum¬ 
mer. In the months of March and November fhe oftener un¬ 
derwent the operation than in any other. In thefe calculations 
the three months ip 1 783 are not included, as the year was not 
finished. 

If we. compare the famous cafe of Lady Page, related by 
Dr, Meaj>, the quantity of water taken from her ladyfhip 
appears fmall whien oppofed to the nujnber of pints drawn 
1 * '' from 


474 

*783- 

Feb. 14. 
May 11. 
July 20. 
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from Sarah Kippus. The one loft 1920, the other 6631. 
It muft be confcfled, however, that Lady Page colle&ed fafter 
than the poor woman whofe cafe I have related. 

I come now to fpeak of the difte&ion, and to make forae 
obfervations on the whole. On the 10th of Auguft 1783, the 
poor woman died j and the following day Dr. Dack, an emi¬ 
nent phyfician of this place, accompanied me to open the body. 
I firft drew off 78 pints of clear water: fuppofing, therefore,’ 
all the water to have been taken away at the laft operation, 
then in three weeks (he had collected 78 pints, which is more 
than three pints and a half in each day : a quantity far exceeding 
what fhe had taken. I then opened into the cavity from which 
the water came, and (eparated the fac from the peritoneum-, 
and found the fac had arifen in the ovarium of the left fide. 
After this, I differed out the uterus, with the right ovarium 
in a natural ftate, and thus obtained every part neceffary to 
lhow the difeafe, viz. the uterus, the right ovarium found, and 
the left enlarged into an immenfe pouch. The cyft itfelf was 
not very thick, but lined in almoft every part of it, but more 
efpecially in the fore part, with fmall offifications. The peri¬ 
toneum was prodigiottjly thickened, and thus, by its additional 
ftrength, became the chief fupport of the water. There was 
fomething fingular in the fac itfelf, for it was rather two that! 
one, from there being an opening in the fide of what appeared 
at firft the only cavity, which led to another cavity, almoft 
equally large with the firft, fo that if all the water in any ope¬ 
ration had not been evacuated, it muft probably have been 
owing to a difficulty in its paifage from the fecond into the 
firft or more external cyft. From the fixe, however, of the 
poor woman after each operation, it is evident, that in her 
there being two facs did not prevent the totah drawing oft of 

Yol. lxxiv. dq q the 
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the water. The other vticera .appeared all in a ®Murtl ftnt «U 
The inteltines were quite empty, and pufhed up under the ribsj, 
fo as to have left but very little room for the expansion of the 
lungswithin the thorax. The bladder was contra&ed, or rather I' 
IhOuld lay appeared leflened. The kidneys were healthy, and 
both ureters in a natural hate. The lac is in the collection 
of John' Hunter, efq. 

* In reflecting upon this cafe, an obvious queftion ariles; 
from whence proceeded this immenfe collection of water ? 
At different periods of this poor woman’s life the quantity 
drawn off, without coiifldcring the urine Ihe made, was 
much greater than the fluids (he drank, which appeared from 
meafuring whatever (he took. It appears then pretty certain, 
that this luperabundant quantity muft have been taken into the 
body by abforption; and if we allow the bodies of animals to 
have this power of abforbing, which we very well know vege¬ 
tables are poflefled of, it will account for many appearances iu 
the animal oeconomy. This poor woman collected falter in the 
wetmoift months of winter, than in fummer. 

From all, this happy conclufion may be drawn, that although 
human art is at prefent infufficient to the perfect cure of difeafes 
fimilar to the poor woman’s cafe I have related, yet nature is 
Continually defending herfelf from fudden death; and fuch 
relief may be granted as to protraCt life a long time without 
much pain, and often with intervals of great eafeand comfort. 
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XL. Metbodus inveniendi Lineas Curvas ex proprietatibm Varia- 
thmis Curvature. Auftore Nicblao Linderbeck,. Mother. 
Profejf. in Acad. Upfalietiji Adjunclc. Communicated by Nevil 
Mafkelyne, D. D. F. R. S. and AJironomcr Royal. 


Read July i, 1784. 
PARS SECUNDA*. 


C URVAS, ex proprietate variationis curvatur* invenire, 
indice per fuu&ionem coordinatarum cujufdam expreflo, 
problema etfi indeterminatum eft ; juvat tamen ad curvas cog- 
noicendas, quum facile et fponte fefc ofterunt conditiopes deter* 
minantes qui rei conveniunt et quae in cafu quovis examini fub- 
jedlo locum habent. Quo confilio et qua arte calculum mire 
oporteat, ut ,et haec et his affinia pcragenda but, quae ad curvas 
ex curvaturae variatione cognofcendas pertineant, per tlieoremata 
quae fequuntur, exponere couabor. 


T H E O R E M A 3. (Vide tab. X&I. %• 2.) 

St ctirvte cujufdam LC index variationis curvaturae lit T, 

radius curvedinis R, finus -anguli BQDp, potito bnu toto i, 

arcus cucvip LC z ooorrdiuata: perpendicularcs x et y earumque 

__ f> 

Yds v'i-p 2 


fluxioues dp , dz t dx t et dy dicantur, erif 


J 


Qaoniara dx z. - R dp 


r 

See Vol. LXXIII. p. 456. 
Q q q 2 
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et quum dK»Tdz crit R ss j'Tdz et fubftit utione m ** 


ip 


Cor. 1. Hinc obtinetur ~ => -dp, ^ et ^ = - 

4L 


Vi _ 


1 -/> 

Cor. 2. Si Tangcns anguli BCD per r, Sectmsper r defignen- 

,1 is ir . dz ds 

tar habetur -— m -rr~t et ?— - tf=- 

Jtdz J +' friz W7T\ 

Scbol * 1. Ex hoc theoremate facilis deducitur method as gene- 

raliter calculaudi variationem curv.aturae curvae cujufcumque. 

, quantitas vero datur, data 


_ d%*s 1 — y 


Nam/T<fc 


inter x et y relatione. Sit valor quantitatis — 


izV 1 ■ 


= Z func¬ 


tion! curvae %, J'Tdz — 'Zj et fumtis fltrxionibus Tdz — r £,d% qua 


ix*\ 


£=p 


per 


T = Z fundtioni ipfius 2. Si valor quantitatis • 

t 

p expreffus, erit f TVz = P fumtifque fluxionibus T^5=*P<#» ee 

1 

T ** quae fundtio eft quantitatis p, in poteftate Temper eft 
ip 


per p expnmere. 


Scbol. 2. Hujus etiam theorematis fubfidio inveniri poffant 
curvae ex data relatione inter T et a, R et a, R et_y, et R et p. 

Si enim (it T=Z fundtioni quantitatisz, tnijTdz = fId*. + A, 

vi theorematis 7 ———■ (— ■ > ) — — — ~ - ■ et integratione 

J Ziz + A jTdxJ v i-f 0 

—— **• C « - . Pofita C—£■ — + C =r b et N nu- 

/yz«+A Vi~f j yz. a +A 


roerua 



** profrietatibvs Variathm Curvature. • m 

meres cujus logarithms hyperbolicus i habetur v'T 
_ N-V-« . ^ nV-' + jtV-i 
--j-« F m ---, qu* funftiones funt 

quantitatis 2, quibus pofitis Z etv^ 1 — rcfpedlive proveniunt 

*( “ f^s / 1 -/) * fzdz ety ( = /*>><&) = fdz'J \-Z' 
quarum alterutra curvarum indoles iunotefcit. 

Si R = X funaioni abfciflie * provenit ~ ( = -dp ct 

hitegratione X O C =p unde x/T^f= x/ 715 * et 

^ = v/' v ^r I s< i uat ‘ 0 curvx iudolem exprimens. 

Et fi R = Y funaioni ordinal* y, habetur ~ 

et * ute gratione Y (= + = %/TTpV unde ^ = 

\/i -Y* ttx(-fC 

1 p ' J ~7==f : quae exprimit natu- 

Vi-Y’ 


ram curv*. 


Hinc colligitur quod quoties T<fe perfeae integretur etr 

/ -r——— obtineatur per arcus circuiares dum aut C'Ldz aut 
J 2W* + A r J 

fdz s /1 - Z* abfblutam admittat integrationem, curv* erunt 
reaificabifes, et algebraic*, fi relatio inter x et z vel inter y et * 
in relationem algebraicam inter x et y permutari poflit. 

Evidens etiam eft quod fi X funaio eft algebraica quantitatis x 

vel Y quantitatis y, et non iblum ^ vel dL fed etianv 
1 1 

7 % —, vel quantitates perfeae integrabiles, curv* eva- 

l-X* Vi-Tf* 

dunt algebraic*, alias tranfeendentes. 


Exempt. 



Exqmpl. n Ihvemeftda fit Curt% tibi r&iaHo cforVatlit& *fpi 

---* / / j y "> j* 

3 -i J l. + —. Ut fimpliclor reddatur calculus -pottatur* 

<i T Vb« + 272) ‘-4V i , , . ,*. { , 

- 1 ¥»* ^bVr~^>' 


ba -q-iyss] ' — 11 ct a* — b Brit z < 


.*- 86 * 
" — 

%1 


ct f Tth = + A; fit eon'ftans hfct A = *, quod 

1 1 * I 

accidit evanefeente J**TJzu = i>, habetur per theorema 
— ^HL: ( — ) 4 = - ctintegratidne /*+ C =t - 

y* ' jr— 'p.-t CttjUS ttqiiatiottis termini quum fitat arcus circiUares 
quorwrn finus ^/i—^> r 2t et cofinAs polko air6u 

conftanti C^o, obtiffttlvr y P^ % ) JUa jf + B) =a 

-^- nam B — —■*, poIi^a y ~ 0 et »*= 40, atque .v( =: 

f dzs/1 —p‘) — f as “~ 4 . _ quibus aequationibus ex- 

t&rmina'ta w fit ifubfttruta. a habetur y i *=. tfbbaequatio juto parabola 
cubica. t • . 

Exempl. a. Si fit variatio curvaturae T= — erit f*£dz ( =» h 

s*^ *p A et fi Z = oJ’Xdz * <2 erit conftaos A ^ atque 

vi theorematfs 1 ( —‘-r—-} — -7^=== '** bitfcgtatione 

/W" ?> v'i ~^ u D i... 

+ - J*r^tL =^; pofito arcu conftanti C = q qpteri 

iimt aequales eorumque finus et cofinus, utulb s/i—p 1 ^ 
i» P~V 7 Ts et ^ ^ W) * et ( = 

■ jfr&s) 


*V + ! 



exffaprielatibus V mat'mh Cl! ’ Vfitff!<r. 4 gI 

pJz) a p r ^^.)quifaus conftat curiam efle catenarian*. 

r 

Exempt. 3. Sit variatio curvaturae T *= 



= </2az - z.*, perthcorcma ,__ . - , 

^iaa—a-* v J Tdstx " i-f 

periu^gr«itiotiemy'^*^^ + f:==f ii arcus ille 

couftans C=*o, ^sptcri funt equates eorumque fin us ef cofinu^, 

quo l/ rT 7 =^EZ, f.zpc t, (=/>»)=/^)= 

— -~ - z sequatip pro cycloide ordinaria. 


THEOREM A XI. 

Manentibus an tea adhibitis denominationibus erit 

J P 


dx 


V 1 — f 


Quoniam ^*;= -dp, -erit dividendo per */* - p\ _ _ a 

= - . Propter 1 : ^7^: : CD (R) : CF=R VTCp\ 

fed di.x dx :: TVe : T dx, quae fluxio eft ipfius DE, qqare 
DE = A*. unde CF = jy + flidx qua pto Rx/x -p* fubfti- 
tuta, prodit 


j’+T'TV* 


*/v 




= _ fy 

y+J Tdx 


C’or. i. Quantitas <^y + TA femper eft perfe&e integrabilis. 

Nam Tdx= et 

❖ 


-~ ^-= unde dy + Tdx — 

-f J Vl ~i 


ddx"X i—p" 


et Integration j + J'Tdx— • 


Cor~ 
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Cor. z. Dicatur femichorda curvatures CF F, obtinetur 

F VjF x —j> F 1 

Cor. 3. Si Tangens anguli BCD per r, Secans per x defignen- 

• 4 d* _ dr ^ _ dr 

tur habetur —7—7--- et -——-- — »■ *. 

y+JTdx jr + yTtfx /r/-i 

<Sci6<?/. 1. Per hoc theorema via etiam patet caiculandi gene- 
raliter variationem curvature. Eft enim y+f T<k* - 

quantitas vero - ■ datur data inter x et p rela¬ 
tione. Sit valor quantitatis — ~ X fun&ioni abfciftb x 

aequatione ad curvam inventus, erit J'Tdx = X- y et fumtis 
fluxionibus T dx — iidx - dy, qua T = X - ^ ubi tam & quam 

funt fun&iones abfcifiae x. Si valor quantitatis - 
=»P per / exprefius, erit JTdxszY -y fumtifque fluxionibus 
Tdx = P dp - dy, qua T= — - —==5 ubi — funftio eft quan- 

** V 1 — j) 

titatis pt nam ^ per p exprimi poteft. 

SchoL 3. Hoc adhibito theoremate inveniri etiam poflunt 
curvas, ex data relatione inter T et x, F et x, F cty, F et «, 
et F et p. Pofita enim T fun&ioue quantitatis a*, patet per 
curvarum quadraturas, aut perfe&am aut imperfe&am quanti¬ 
tatis Tdx obtineri integrationem. Sit J"Tdx z=X + f Xdx 
fun&ioni vel algebraicae vel ex parte tranfcendenti ipfius x, 
cujus terminis homogeneus valor ipfius y = f Xdx capiatur, 

ifque ejus indolis ut JlL+Xdx, vel quod idem dky+ J'Tdx m 

3 ' X + 



ex freprietatlius Variation}* Cttrvaiura. 4^ 

X + / X + ^We integratione abfbluta habentur, permancnte- 
T dz = Tdxs/ 1 — X s perfe&e integrabili. Per theorems dcinde 


habetur 


A 


tionem 


X+^X+X^ 

/ " 


( =—^—)=-et per mtegra- 

v y+J Tdx' *i-f 1 b 

+ C = - C , fi point ur 


f 


X+/x+XJ* 


//v 


x+/x+x^ 


+ C = £ et N bafi logarithmorum hyperbolicorum, 


- ? N V~ 1 _ N -V-» n V-> + n-V-> . 

entv/i -p — - - - et p — - - -, -p 


et p igitur funt funftiones ipfius x, quae fi ponantur s /1 - X 1 

/ ! M 

= j 'aequatio qua curvae 

intemofcuntur. 

Si fit F = Y fun&ioni quantitatis y erit pet Cor. 2. 

~ ( = 7 ) * ~ T-7 et inte § ratione f lo S* C “ lo S‘ v^i -/>=. 

ponatur et N logarithmorum bafi, erit fa£to ad quan¬ 

titates abfolutas tranfitu CN* = v/r ~p\P ~\/i -ON**et * ( *? 


l ~~p' 


)= 7 V 


CNVy 


aequatio quae indolem curvae indi- 


S f j J 

gitat. > 

Si F » Z fun&ioni ipfius si erit p- ( = rr - et integra¬ 
tione/£ + log.C=log.^, et fi J'j-k et N bafi logarith- 

mica babetur p =» et y = J'pdd) — f ~— ~ rr < l ua 

r 1+C N 1 a jr j j , + c*N‘* n 

curvae cognofcuntur. 

Vol. LXX 1 V. R r r Gonftat 
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Conftat bine quod quoties X+ /j 2 \<bj perfe&a integration* 

HI 

habeatur per arcus circularcs dam abfo- 

X + fx + Xa* s/j-X’ 

lutam admittat integrationem curva fit algebraica, fi vero aliter 
evenerit tranfcendens. 

Quoties d -j- fit integrale logarithmicum et —-SLlSaBa- abfolutam 
^ Y s/ 1 —C'N 1 * 

admittat integrationem curva eft algebraica, in aliis cafibus 

tranfcendens. 

Et quoties J'il per logarithmos inveniatur, a bf°“ 

lute fit integrabilis pariter ac curva eft algebraica, alias 

tranfcendens. 

Exempl. i. Si fit variatio curvature T = — ■ - ~ erit 

/TA( 


+ fi ponatur y » habetur y+ f Tdxxs 

tCHI. , adhibendo theorema f = 

— 7 - 7 —) = - p~ et integrando f — -~jf——. -f C = - 
ycujus termini funt arcus circulares quorum fious 

c ° finU8 

arcuconftantiC,qoare^(=yi^^= 

ct in hoc cafu curva eft ellipsis. 




-f C = — 


4 


Exmf>L 



ex pnprletetihd Fxriatim* CurvaUtr*. 4§5 

Exempt, z. Sit jam variatio curvaturas T = erit 

« pofita r 

fefta integratione habetur y 
matis itaquc auxilio erit 


! + JfV' 2 ax +. 


Theore- 


i<= 


Jt 

i-?' 


a+x^'iax + x 1 '' y+- J Ttbt 
ad * ~ =C= - J'-iL *™, fi vero arcus ilk 


integratione f—— — 

,/«+*•/ a<w+A’ s/vi-ji 

conftans C = o casteri funt sequales eorumque fi»us et cofinu6, 

unde v/i ~ P — > P~ ——et y( = ^ ^ — p—£tLa= 

v ' «+* ’ ^ ^ J*i -p 1 ) » 

sequatio indicans curvam efle catenariam. 


THEOREMA III. 

Dicatur cofinus anguli BCD f, pcrfito radio c, cwterifque 

manentibus denominationibus erit — r= ~ ~ . 

JTdy-x Vl-f 

Eft enim «= ay, qua per y/T- q- divifa,= •£?=*«% * 

et ob i : v/i -y*:: CD (R) : CG = R y/i-q\ fed dz : efy :: 
Tdz ; TVy cujus integrale eft AJE= f T^, unde CG (as 
AE - AB) ** J^dy - x, qua pro R %/i - y v fubftituta, prodit 

J Tty—* |/l —y* 

Car. I. Semper T<^ - admittit perfe&am integrationem. 
Etenim aet pf-dr , quibus 

et integratione fTdy.~ x ^ -• 

R r r 2 Cor. 



4$6 Methodic* Irmimendi Lineat Curvas 

Cor . , 2. Dicatur femichorda curvaturae CG G, habetur 

*dy ___ dq dx _ q !q dz ^ dq 

^ “'i ^ Cjr i q' ^ Ci 1 ~~ q Z * 

Cor. 3. Dicatur cotangens anguli BCD /, et cofecans v crit 
^ et — = — 

jTdy—x 1 + *' jTdy — x v V v x — 1 

Scio/. 1. Quoniam^ Tdy —x = daturex data relatione 

inters et fit =» Y fun&ioni ordinatae _y erit^TVy = 

Y - at fumtifque fluxionibus TVy = Wy - qua T = Y — ^ 


fun&ioni ipfius Si autem 


dyj 


!-</ 




Q fun&ioni ipfius q 


erit fTdy— Q_— x et fumtis fluxionibus Tdy = Qdq~dx, qua 

1 

habetur T~ ( ~.— — 1 — per a. 

dy V'l-f i 2 

Schol. 2. Hujus theorematis auxilio elicerc licet curvas data 
relatione inter T et y, G et y, G et x, G et z, et G et q. 

Si enim fit T fun&io ipfius y gene/aliter f Tdy - Y + f Ydy + A, 

quae functio eft algebraica ipfius jy quaties j'Ydy abfolute fumi 

poflit. Aflumatur x .r J'Ydy, tali ipfius y fun&ioni ut non 

fo lum f Tdy - * = Y + f ^ + f dy fed etiam f Tdz= f Tdy 

Vi — Y* abfoluta integratione habeantur, provenit vi theo- 


rematts 


dv 


- dy \ _ dq 


_ ^ ( =r -~L _. ^ 

Y + /Y + YVj+A J Tdy-xJ V'l-q* 


et integratione 


f; 


dy 


_P c= f Jq 

I r +/Y + Y^+A ^ •S\-q 


Pofita 


Y+ /y+yV,+A' 
"*"Ce/etNbafilogarithmicaerit q =s et >/ l ~Y 


2 



ex froprietatibus Varlatmis Curvature. 

^ m v*-*4. 
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qua? funcliones funt quantitatis y, quibus 

pofilis Y « s/TTy prodit * (= 

tlo quae indolem curvarum indicat. 

Si G = X fun&ioni ipfius x erit per Cor. 2. ~ ( — » 

et integratioiie log. CN 7 ( = f— + log. C) = log. — - 1 — fi 

4/X ^1-/ ^ X 


=/, cxinde 1/ 1 = 7 : 


vA^N*' 




=/ 


dx 


v / ’c J N' / 


quae curvae naturam indigitat. 


Si G_ Z fundioni iplius z erit — ( = ——~zi et integra- 

1 Z v G / 1— f 0 

tionelog.CN / (= J + C) =log. unde ? = 

i + c N y i + c*N l/ v ^ y J J 1+CV' y v 

—• quibus curvae cognofcuntur. 

Patet hitic quod quaudo Y -f f Xdy algebraicc habeatur 

/ 


4 


f»! 

per quadraturam circuli, et J' —V*-— etiam 


Y + /Y+YVJ- + A 


^-7 


obtineatur algebraice, curvae evadunt algebraicae, fee us vero 
tranfeendentes. 

Quando ^ vel/ ^ obtineatur per logarithmos, et 

vd quatn/abfohlta in- 

^ v C N — 1 ^ i+C'N*' 1 J i + C*N a/ 

tegratione, curvae erunt algebraicae. 


ILxempl, 
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Metbodus imtenkndtJJneaiCurvat 


Exempt . i. Sit index variationis curvature Trr^erky'T^cr 
32-4-A, fi quantitas ilia conftans A rs -^-quod evenit quum 
J^Tdy — et y =o; fumatur x~ y - erit vi theorematis 

<=j^rJ=&? " mtc ^ thlvl f ^ +c =f Jzy- 

•cujus aequationis termini quoniam lint arcus circulares quorum 
fin us q = - et cofinus \T\ -f* = arcu conftanti 

Crro, obtkietur a - ( = ) = ^-sequatio pro parabola Apol- 

loniana. 

Exempt. 2. Si fit T = habetur j' T dy ='~ “ 

\/ a 1 -y' + A, fi quantitas ilia conftans A=o quod evenit quum 
J^Tdy— o et y—a % et affumatur x— J' f evadit per 

thoorema - » « P er ^tegrationfim 

- f -jvaaeg. + C — Jfi tr, quorum arcuum finus y=r 
et cofinus — y - fi conftans ille C=o, atque inde 


*( 77 ??) 




qua patet curvam efle tra&oriam. 


THEOREMA IV. 

Dicatur futnma tan gentium angulorum HCD et BCD H, et 
differentia tangentiuiri angulorum HCD et CKB K, retentis 

reliquis denominationibus erit -fi— — - ->i£=r et fi- — 

* jHd* *7~t % JJUy 

Quuniam 
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Qgpniam erit <fy+T<k=:T + -4== & et quum 


*-r 


H=T + habetur ^ + Eodem modo cjuuni 

= er ^' j"’Tdy-dxzzT — ^ dy , fed K = T — — , 

unde JTdy -x — Xdy. Per theorema igitur 2 et 3 provenit 


</* 




dt 


__4=, et__ . 

JHdx V 1 — />* / K<y V i — j* 

Cor. Si lit ut antea tangens anguli BCD r, cotangens /, fe¬ 
ds 


cans s, et cofecans v. erit -4_ 

J H d» 


*r ^ dx 
r + ri jHdx 


dy _ ^ et 

1 -ft* J K/y v'/tf—i 




JTi 

Schol. Ope hujus theorematis in venire licet curvas, data rela¬ 
tione inter H et x atque K et y. Itaque fit H=X funftioni 

jpfius x erit J*Hdx ~ J Xdv+A, vi theorematis —^ ( _ 

J Xd .r + A 

7-4- A — - ——Lr . et integratione C 7— 4 -1- C = - C — p — 

JaZ) *i-p 1 6 Jfxdx+A^ J <nz?' 

Pofita J'C~m t et N logarithmorum bafi prodit 

- k-V—‘ - N—v / -» N «V—1 1 

v i — 2x p _-- et p~ ---,quibusfunc- 

tionibus qoandtatis x pofitis \/1 - X* et X provenit asquatio 
X f 

y (= J* p 4 ~) = —^^naturam curvarum exprimens* 

Si K= Y fun&ioni quantitatis jy, eadem calculandi ration© 

\ 

habetur x J *-=- ^ Y 7 xquatio qua curvas cognofi- 
cuntur. 

Quanda, 
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Methodus invenmdi Linear Curves 


Quando fXdx vel J'Ydy abfoluta integcatioae, — vel 

S't v.Lx.X P cr redificationcm circuli, et f vel f —~^~ r 

iutegratione perfe&a obtineantur, curva eft algebraica. 

Exempt, i. SI fit H ~ ~~ crir f HA=i±^ + A,etpo« 

fita A — o babetur per theorema ) =-—— : 

# + 4# x J H</a / % \ — p~ 

et per integrationem J* + C = J'~^JL== i , cujus termini 

quum fint arcus circulares quorum linus y/i —p = ~ ~^ X - ct 


cofinus p — ~==, pofita C=o, obtineturjy 


V a -f 4* 

quae parabolam Apolloniam exprlmit. 

2 a* ~ 


pdx 

V'-f 


Exempt. 2. Sit H= crit f tiJx =‘—+ A, 




et li A — o, per theorema a—— ~ 


oxdx 


+• 24 */. 


* —X 


(=r*-)= 

J Hdx/ 


_❖ 

Vi¬ 


et 


per integrationem C —- ■ . + C = - Z'7^==, ct fiC = o, 

x — 2« v a — x J Vi- p> 

et y C-f~^±=\~ r _ ~— 

«quatio pro curva fimrum. 

Exempt. 3. Si fitKr 5 ^ erit/K^v=^±^S? + A, 

ft A = o habetur per theorema - c LJ l, — (—j!L \ — _ fl et 

t «*+» /VV+ } ^~JiiJyJ~^7^ 

integtatione/^^.+0= =-5^. . 

' /rr?= ^^‘* f,C= °’ unde * ( 
sequatio pro hyperbola aequilatera. 


Exempt. 
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Eiempl. 4. Sit K = erit J¥Ldy =r A - \/a x -y l ct fi 

A = o, per theorema - ( =» TT ~) 50 ^ == \ ct P er integra- 


*-r 
v';- 


tionem-/' 7 ^ + C=/ : ^( 1 ua f = ^0, * 

^ et dx ( = quae Tra&oriam exprimit. 


THEOREMA V. 

Defignetur produ&um tangentium angulorum HCD et BCD 
per U, et angulorum HCD et CKB per V casteris manentibus 

cat -———•= - d ± et —£— - d A % 

JVdx-x P Y + /\dy q 
Quouiam dy= - et U = -^LL=- erit T dy ( = ”*.£{*- ) = 

y Si-p 1 J v 

\]dx y et integratione f Tdy =f \Jdx qua fVdy-x=fUdx - x. 

Et quouiam dx = - et V = ——— erit T dx ( = \ =» 

1 v v'rr^/ 

V</y,y* Tdx—J'\dy et y + J'Tdx =y + J'Vdy. Theoremate 


dx 


dj 


dq 


- — et 

p y+ yv*, ? 


2. et a. prodit , 

2 * / \3dx~x 

Cor. Si anguli BCD tange»s, cotangens, &c. deiignentur ut 
antea, habetur - 


dx 


dr 


dy 


(it 


~J'\)dx-x~ r a +»'* y V4. /TT+?’ C * 

&■&?/. Per hoc theorema curvas tnveniuntur ex data relatione 
inter U et x , atque inter V tty. Si enim iit U — X fuudioni 

ipfius x erit J*\\Jdxxz J'Xdx 4- A, per theorema dx 


J XA— x + A 


(■ 


_ _ y± 

J Vdx—xJ P ’ 

Vcl. LXXIV. 


JV \ 
]dx—x) 


et per iutegrationem J' 

Sff 


* 


y x<fr-*+A 


+ log. C1 


l°g« 
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Met bo Jus inveniendi JJneas Curvas 

4> 

dx 


log. ~ . Ponatu— = » et N bafx logarithmica, eric 
--=CN ,f = CN -, ✓ - «y (=^J 

dx 


p 

f. 


CN" v i-/>* 

qua aequatione curvarum indoles innotefcit. 


v/c*N“-i 

Si V = Y fun&ioni ipfius y, eadem calculandi ratione pro- 
veni r q dy \ _ C CN> c 

tx (y stt?)-J qua curvae co s nofcuntur * 

Evidens hinc eft quod quoties JXdx ve l/Y dy algebraice 

-—-vel C -— - -per logarithmos.atque C -— - - 

JXd>—x +A Jy+J\jy+ A r b n */yc , N w - I 

CNVjr 


vel r--—-— integratione abfoluta, obtineantur, curva eft: 

J y/\ — C*N b 

algebraica. 

Exempt, i. Si fit U = 3 erit J*Udx =* 3* + A, fi vero J'\Jdx = 

- quando * = o erit A = - et /U</,v - ,v = ——. Per theorema 
a * 2 ** 2 

—) = - ~ et per integrationem log. 


. . f 

igitur —-( as 


v/<* + 4* + l°g- C = log. I, pofita />= I dum .v = olog. C= 
log. y/a , unde fa&o a logarithmis tranfitu — ~ > qua / — 

5SP =/4)- ✓« 

aequatio pro Parabola Apolloniana. 

Exempt. 2. Sit U = *■— erit J*Udx=- 3 4- A, fi autem 


1?" 


/UA-oet* = ^a f erit A = o et J'^ddx -x=*' Vi 
igitur theorematis erit * - j »et integratione 

4 log. 



ex proprietatibus Variatfonts Curvature. 
i°g- ??“ 3 + lo g- c = log- ^ q ua p 


a^a 


; s/i -p 1 - 
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X^X 

ai/a 


___— aequatio ad curvam quaditam. 
Exempl. 3. Si V= Vdy = A~l , pofita f Vdy = o 

ct^=o erit A = o etjy + J* Vdyx:~. Per theorema obtinetur 

T (= , 7 et per inte S rationem H •/+ % C= 
log. fi ?=i et y = <? erit log. C= - log. a\ unde 

v/r-7 = atque ( = ^=) - - ’ Vv 


*V-/’ 


curva 


ergo 


eft Elaftica, 

Exempl. 4. Sit V = erit^ Wy = A - —- ~t —, fi J'Vdy 
= -34 et^ = a erit A = 0, indeque jy-f J'Vdy = The- 


dv 


orematls ope habetur - Z- ~- ( rr 

a +> >+y v* 


•) = Y et integratioue 


log. ^r- r p^x + log. C = log. q, fi 7 * 1 et^y = 0 erit log. C = log. a 
et exinde q = -r|===?» </ 1 ~et dx ( zz - ~L- ) =* 

2 Va - +J ,- 7 V l VS+y 1 ' 

~ ajquatio pro Logarithmica. 


THEOREMA VI. 

Dicatur ED L, et AE M, retentis pratferea adhibitis deno- 

minationibus erit ^ =* dx et ~ =: <*y. 

’Quoniam dz ; dx :: TVs (^R) : TVa* habetur ^L = T<& et 

Sffa </L 
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Q — dx. Et quoniam dz : dy :: T dz (</R) : T dy obtinetur dto 


— Tdy et-— = dy. 

Cor4 Quum T dy—Udx et Tdx = Vdy, erit fubftitutione 


A M 


v - dx ct tr = *!• 


Scbol. Hoc adhibito theoremate inveniri poflunt curvae data 
relatione inter T et L, T et M, atque inter U et M et V et L. 

I 

Ponatur L = T fun&ioni quantitatis T habetur per theorema 
~ ) = dx et integratione^*^ + C = x qua T per x datur. 


Curvae deindeper theorema 2. elici poflunt. 

Si M=T ipfius T fundioni, habetur eodem modo T per^. 

I # | 

Si M=U fundioni ipfius U, obtinetur U per .v, et fi L= V fune- 
tioni quantitatis V, datur V per jy. Per theorema deinde 3. et 
5. curvae inveniuntur. 

Evidens quidem efl quod curvae efie non poflunt algebraicae 
nifi J' ,/f, J '~ vel J ', obtineantur integratione ab- 
foluta. 


Exempt. 1. Si fit L = erit dh — -ll^Z,et per hoc theorema 

-jg— ( = y) = “ x et mtegratione— +C = .vquaT = ——, fi 

C = o. Per theorema 2. reperitury = y/ax, asquatio pro Para¬ 
bola Apolloniana. 


Exempt. 2. Si fit M — - T ----- erit — 

J 2 . l+T‘f 


_£TVT 
a. i+f ? 


et 


ope theorematis-( = 

1 2 .1 + T 1 ] v T J 

+ c *y, qua fi C = o, T=z~^. 


dy, et integratione -«» ■■■ 

Per theorema 3. habetur 
dxzx 
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dx= 


Zdyi/y 


ex profrietatibus Variations Curvature *. 
aequatio pro Cycloide ordinaria. 


Exempt. 3. SitLr: - a^/VentdL.— - et per theorema 

~ ( = d v) ~ J y et Inte g ratIon e ~ + C =y, et fi C = o,ha- 

betur V—- c t deinde per theorema 5. dx =; qua con- 

flat curvam effe Tradoriam. 


THEOREMA VII. 


Dicatur ut antea CF F et CG G, et fumma tangentium an- 
gulorum IICD et BCD, H, et differentia tangentium angulo- 

rum HCD et CKB, K,erit %-dx et ~=dy. 

H k s 

Quoniam dF ( — dy + Tdx) =H dx et dG (n / Trfy-*) = 


K^provenit ^ — dx et ~ =dy. 


Cor. Quum F = - —— et G =z ~ - provenit divifione 


dF 

1H 


dp _ d G 
-iUatque—: 


Scbol. Auxilio hujus theorematis inveniuntur curvae ex data 
relatione inter F et H, G et K, H et^ atque K et q. Nam fi 

fit F=H fundioni iplius H, vcl G = K fundioni ipfius K, ha- 

» I 

betur per theorema ( =— \ — dx et iutegratione/'— + Q—x 

* 

qua H per x datur. Eodem modo ~ ~ j| = dy et integra- 

I 

tione/f+ C = y q ua K per y obtinetur. Theorema 4. ulte- 

rius proeredienti viam monflrat ad curvas inveniendas. 

t Patet 
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I S' 9 

Patet quod curva non fit algebraica nifi J'*-— vel j ~ obtine- 
antur perfej^a integratione. 

Exempt. 1. Si fit F habetur per theorema — 

(=&) ~ ■ dx * «integratione --^ + C=-*quaH=- 

■ ~= pofita C=o. Per theorema deinde 4. proven!t_yz= 
y/a % - x 1 jequatio pro circulo. 

r j.1 c-. rr _«• . . 

Exempt. 2. Sit r =-^-, ent per theorema 

a . H* — 6 -f H^H 1 —12 . dVL , , . . . - - 

- liyW^Ti -u ) ~ °* et mte g ratlone 

a. H 2 -6 + Hv'H t -i 2 , ^ r 


— ——— —- + C = Xy et pofita C — o habetur H = 

unde per theorema 4. prodit y-^/ax jequatio pro Para¬ 
bola Apolloniana. 

Exempt. 3. Sit G= - —-i±JL erit per theorema ~ ( = 
x) = ^’ et * mte g rat i° ne y+Coj, et fi C = oK®^ unde 

per theorema 4. qua conftat curvam effe Logarith- 

micam. 


THEOREMA VIII. 


Dicatur ut antea produ&um tangentium angulorum HCD 
et BCD U, et produdtum tangentium angulorum HCD et 

CKB V manentibus reliquis denominationibus erit ~~ ss dx et 


Quoniam 
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Quoniam G * fTdy - x erit dG — Tdy - dx, fed T dy = \Jdx, 

j- </Cr 

unde dG = V - idx et g-l = dx, Eeodem modo ipium F =* 
y + f T dx erit dF=:dy + T dx, fed T dx = Vdy quarc dF = 


1 + Vdy et = dy. 

Cor. Quoniam G = et F = - — Jz . t } habetur fub- 


ilitutione debita — = - — et 

G.U-i p F*i+V ? 


dF 


dq 


Schol. Ope hujus theorematis indagantur curvas data rela¬ 
tione inter G et U vel inter F et V. Nam fi fit G = U fun&ioni 
quantitatis U vel F => V fun&ioni quantitatis V obtinetur per 

theorema in cafu priori — dx et integratiooe 

J' xj~~ t + C = *, qua U per x habetu r; in pofteriori ~ J 

= dy et integratione J* ~^ + C=y, qua V habetur per jy. Per 

theorema deinde 5. curvae cognofcuntur. 

Datur etiam per Cor. U in p, et V in q, et confequenter T 

in p vel y, nam U = 


et V=^-S-. 


Conftat hinc quod curvae non fint algebraicae nifi J vel 

1 

jobtineantur integratione abfoluta. m 
Exempt. 1. Si fit G = a ' erit per theorema -^E= (=* 


= dx ct integratione log. 1 - U+log. C = j et fi C = ^ 

log. 
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log. 


Metbodus inveniendi Uneas Curvas 


o*.i-U a* a.i—U TT _« —aN* n .t. 

V - — et —-— = N* qua U =-j—. Per theo- 

a a 2 * <* 


remadeinde 5. habetur dy =* —jp qua conftat curvam eft Loga^ 
tlthmicam. 

Exempl. 2. Si fit T *=» 1 ' - ^ — erit per theorema 

/ </F \ » • • o,yf V * 4 " a 

(”T+v;“* et P er ‘“KB ra ‘'on em -7J- “JV q»» 

V :: '' ; et per theorema 5. dx= Jy '' >y ^'“ , requatio adcur- 

vam cujus couftrudlio a'quadrature hyperbolae dependet. 


fKEOIEMA XX. 


Sint LC et /r duae curvae eandem habentes Evolutam QD, 
dicatur radiorum ofculi CD cD conftans differentia cC b, curvas 
l c variatio curvaturae S, ceterifque Ut antea manentibus erit 
</R _ dp 

rTas~ ^ 7 =/* 

Quoniam radius cifrvaturae DH evbhitas fit RT=R-£S, 
erit £==- S uae P er (=TVz) = - multiplicata, 

moftrat effe . 

R-AS 

Cor. Si fait ut antea tangens anguli BCD r et fecans x, ha- 


betur ===- = - 
R-Is 


dr dH 

■ ... a vL *22535552* 

7+7* RvfrS 


Scbol. Subfidio hujus theorematis in venire licet curvas, data 
relatione inter S et R vel inter S et T aam ^ . Itaque fi 

X R -•» b * 

ponatur 



Orwtof. 4# 

|femHirS=5^. ifun&iom radii curvcdinisR. erit \ 

R-iR *-~° S J 

’= “TT^v ct integratione +C= - f Sit 

**"> J R-iR J V *-/ 

/ rfR* • ^ i_ r-- 

== 7 + C = f et N logarithmorum bafi habetur >/\ -p'uu 
A-*R 

yif*/-' - n«-/«/-» - . . 

--et p = --— " ninctioiuous qeaniitaitia 

R, quibus R per p exprimi poteft. Per theorema igitur I. 
curvas intemofcere valemus. 

Si R = S fun&ioni quantitatis S habetur ==£E- (=r«=£5_ J 

1 R — b S 


$-*S 


= -vh?' et ! ""e ra ' : “ M /A + C = pofita 

,/li-+C =/, erit v'T^p 7 - «e= 

J S-iS 2 -- /1 2 


quibus S per p datur. Per theoremata Partis I. invenire licet 
curvas oranes eandem evolutam habentes. 

Hinc videtur, quod curvas son lint algebraic® nifi / - 

n 


*f T ~ R-iR 

A 

vel f~~ per circuli re&ificationem obtineatur. 

J s-is 

Exempt, i. Si fit S=——^-=c= fuppofita buz a, erit per 

theorems (= = - pAy et integration. 

f + C = - r —=£==, fi veso arcus ille conftans C =» o 

J 2RV^K-a J V*-7 

erit </ T—p'** qua R=<*p*, et per Cor. i. Theor. i. ha¬ 
betur aquatio pro Catenaria. 



Exempl. 2. Sit S=^nita| f pofita bzz !L erit per theorem*,. 

c= ns).f -^7«&aam.c gra T one «^|, + c 

zs — y'— qua fi C=o, habetur s/i —p *=et Rzs 

? -^£ -. Per theorema i.dx=z d ? ■—- ~ - qua conftat curvam. 
efle Tra&oriam. 
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* Air, experiment! on, by Henry Cavendilh, Efq. p. 119. Principal view in 
snaking thefe experiments, ibid. All animal and vegetable fubftances contain fixed 
•ir, ibid. No reafon to think that any fixed air is produced by phlogiftication, p. 
HO. Nor by horning of fulphur or phofphorus, p. hi. Unfuccefsful attempts 
to difeovtr what becomes of the air loll by phlogtfticarion, p. 123—>116. Account 
of two experiments of Mr. Warltire’s, related by Dr. PriefUey, p. 1 26. Table of 
the refult, the bulk of the inflammable air being exprefied in decimals of the common 
air, p. 127. Examination of the nature of the dew which lined the glafs globe, p. 
2*8. Which is all pure water, p. 129. Examination of the nature of the matter 
condenfed on firing a mixture of dephlogifticated and inflammable air, ibid. Phlo. 
gifiicated air appears to be nothing elfe than the nitrous acid united to phlogifton, p. 
15 j. The great probability that dephlogifticatcd and phlogifticated air are diftind Tub* 
fiances, as fuppofed by M. Lavoifier and Schccle, p» 141* Enquiry in what manner 
nitrous and vitriolic acids a<5t, in producing dephlogiftrcared air, p. 143* Different 
manner in which the acid a&s in producing dephlogiftkated atr from red precipitate 
and from nitre, p, 146. Vegetables feem to confift alraofi imirely of fixed and phlo- 
Vot. LXXIV. Du gifiicated 



[ 5 «* ] 

gifEcnted air, p. 148. Ma.-ner in which Mr. Cavendiflh would explain molt of the 
phenomena of nature, on Mu Lavoilier’s principle of entirely difcaruing phlogifton, 
p 1 £0-153. 

Air, Remarks on Mu Caveudilh’s experiments on air, in a letter from Richard Kirwan, 
EUj. p. 154. Experiments lekfUd from Du Prieilky,, to prove that fixed air is fome- 
hovv or other produced in phlogiilic proceflcs, either by reparation or compofition r 
ibid* Ot the calcination of metals, p» 15 5^—161. Of the decompofition of nitrous 
air by mixture with common air, p. 16 \ —164, Of the diminution of common air 
by the tk&ric fpark, p. 164. Of the diminution of common air by the amalgams* 
tion 01 mercury and lead, p. 165► Of the diminution of refpirable air by com* 
bullion, p. 166—169. 

_ Anfwer to Mr. Kirwan’s Remarks upon the Expenments on Air, by Henry 
Civcndiih, Efq. p. 170. Refult of an experiment of Mr. dc Laftbnc’s, made with 
the filings of zinc, digelled in a. caulbc fixed alb«li, ibid. Remarks thereon, p. 
17 j. See Metals, Experiments to determine if fixed air is generated by a mixture 
of nitrous and common air, p. 17a, 173. Curious experiment of Mr. Kirwan’s, p. 
174. Observation on an experiment of Dr. Rii ftley’s with a mixture of red precipi¬ 
tate and iron filings ibid. The argument on this fubjett fummed up, p. 175, The 
generation of fixed air not the genial effVt of phlogifiicating air, p. 177. 

..- Reply to Mr. Cavendiih’s Anfwer, by Richard Kirwan, Efq. p. 178. Anfwer to Mr. 

Caveodifh’s remarks on Mr. Laflone’s expeilment with filings ot zinc digefted in acauftic 
fixed alkali, ibid. Ditto to his observations on the calcination of lead, ibid. Ex trad of 
Dr. Prieftley’s letter, concerning the black powder which he formed out of an amalgam 
of mercury and lead, p. 279, Fixed air, produced by the diftillation of red precipi¬ 
tate and the filings of iron, cannet be attributed to the decompofition of the plum¬ 
bago contained in the iron, ibid. Mr. Cavertdifh’s experiment of the nitrous fdc- 
nite’s abforbing fixed air, juft, and agreeable to Mr. Kirwan’s, p. 180. The perma¬ 
nence of a mixture of nitrous and common air, made over mercury, not to be attri¬ 
buted to common vapour, ibid. 

-Thoughts on the conftitucnt Pam of Water and of dephlogifticated Air, with 

an Account of fome Experiments on that Subjetf, in a letter from Mr. James Watr, 
Engineer, p. 329, The author’s reafons for delaying the publication of his fentt* 
ments on this fubjed, p. 330. Ohfervations on the conftituent parts of inflammable 
air, ibid. Effects of mixiug together certain proportions of pure dry dephJogifti* 
cated air and of pure dry inflammable air, in a ftrong glafs veflel, clofely (hut, fee on 
fire by the ele&tic fpark, p.,331, 332. See Can>cnd{fl> % Humor, or dephlogifticated 
water, has a more powerful atlra&ion for phlogifton than it has for latent heat, hut 
cannot unite with ir, at leaft not to the point of fimiration, or to the total cxpolfion 
ot the heat, unlefs firft made red-hot, or nearly fo, p. 334. A mixture of dephlo¬ 
gifticated and inflammable air will remain for years in dole vefltls, in the common 
htu of the atmofphere, without any change, and be as capable of deflagration as 

when 
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when firft Auit up, ibid. Accounted for by Dr, Prieftley, ibid. The author aban¬ 
don* the opinion that air it a modification of water, p. 335. In every cafe, wherein 
dephlogifticated air hat been produced, fub fiances have been employed, fome of 
whofe coaftitucnt part* have a ftrong attra&ion for phlogifton, p. 336. Phenomena 
obferved from combinations of the nitrous acids with earths from which the deph'o* 
gifticated air it obtained with lefs heat than from nitre itfelf, p. 338. Experiment to 
examine whether the phlogifion was furniflied by the earths, p. 339. Ditto to deter¬ 
mine whether any part of the acid entered into the compofnion of the an, ibid. 
Ditto to determine the quantity of acid in the receiving water and in the fubiima e, 
p, 341. Ditto of the diftillation of dephlogifticated air from cubic nitre in a glafi 
veflel, p. 342, If any of the acid of the nitre enters into the compofition of the 
dephlogifticated air, it is a very final! part; and it rather feeros that the acid, or part 
of it, unites itfelf fo firmly to the phlogifion as to lofe its atrra&ion for water, p. 
344, Any acid, which can bear a red heat, may perhaps concur in the produ&ion 
of dephlogifticated air, ibid. Dephlogifticated air obtained from the pure calces of 
metals may be attributed to the calces themfelves, ibid. General reafoning on the 
fubjeft, p. 346. Mr. Scheele’s hypothefis, p. 347. The heat extricated during the 
cotnbuftion of inflammable and dephlogifticated air is much greater than it appears 
to be, p. 348. By an experiment of Dr. Prieftley *s it appears, that nitre can pro¬ 
duce onc-Ha!f of its weight of dephlogifticated air, p. 349. Dephlogifticated air, in 
uniting to the phlogifion of fulphur, produces as much heat as in uniting with the 
phlogifion of phofphorous, ibid. Dephlogifticated air unites completely wi.h 
about twice its bulk of the inflammable air from metals, ibid. Experiment by MefT. 
Lavoifier and De la Place, p, 330. The union of phlogifion, in different propor¬ 
tions with dephlogifticated air, does not extricate different quantities of heat, ibid. 
Charcoal, according to Dr. Prieftley, when freed from fixed air, and other air which 
it imbibes from the atmofphere, is almoft wholly convertible into phlogifion, p. 
331. Enquiry whether all the heat let loofe in thefe experiments tvas contained in 
the dephlogifticated air, p. 352. Not to be anfwered without many ne^ experi¬ 
ments, p. 333. 

Air y Sequel to the foregoing Paper, in a fubfequent letter from the fame, p. 354. 
Cautions neceflary to thofe who may chufe to repeat the experimentm entioned in the 
foregoing paper, ibid.—336. Some circumftances pointed out which may caule 
variations in the refults, p. 356. 

Akbcrnf , Mr. Stancfby. See Gold. 

Alfoiy Obfervation of the Variation of Light in that Star, in a letter from Sir Henry 
C. Ettglefiefd, Bart, p 1. The laft vifible period when Mr. Aubeit and Sip Henry 
obferved it, ibid. Refult of fevera! obfervations made at different times from mid¬ 
night to 2 h. p. 2. The diminution of Algol fully confirmed, and the accuracy ot 
Mr. Goodricke’a period a&ertained, ibid. See Algol «n t&t index in tbtUfi Waw. 

) U u u 2 Algoi t 
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Obf rations on the Obfcuration of that Star, by Palitch, a farmer, in a letter 
firm the Count de Bruhf, p. 4. Times of the greateft obfcuration, and of the 
grcatetl diminution of the far’s light, ibid. 

- - Fur»her Obfervations upon, by the fame, p. 

— on rhe Periods of the Changes of Light in that Star, in a Letter from John 
Goodricke, Lfq. p. 28^. Method purfued to determine, with greater prtxifion, the 
prr.odical return of thole charges, ibid. With an explanatory table, p. 188. 
Ddfeient oblervm m»y differ in the duration of the variation, and why, ibid* 
FLmdead has marked this ftar of different magnitudes, at different times, p, 289* 
Short abihacl of Mr. Goodricke’* late obfervations on .Algol, when its leaflt magni¬ 
tude was accurately determined, p. 290—292. 

Alkalies . See Left Liquor, 

Auanhcbas Lupus , A Description of the Teeth of that Fifb, and of thofe of the 
Cha?todon Nigricans of the fame Author; to which is added an Attempt to prove 
that the Teeth of cartilaginous Fifties are perpetually renewed, by Mr. William 
Andre, fuigeon, }>. 274. The fame variety prevails in the internal Itru&uie of fifties 
a** .n the external form, ibid. Jaws of the ivolf-lift) deferibed, p, 275, 276. And its 
tet h, p. 277. The teeth of the Cha'todon nigricans deferibed, p. 278. Which ,fifti 
feetns to be mifpltced in Linnsrus’s S\ dema Nature, ib. Of the teeth of cartilaginous 
fifties, p. 279. See Shark. Their potierior teeth always found in a foft, membranous 
liate, and but imjrerhctly formed, p. 2S1. Explanation of the plates, p. 28 1. 

Atkins, Mr. John. See Mettcrolognal Journal, 

AuUrt, Mr. Sec Algol* 

•- Alexander, Efq. See Meuors . 

Aurora Borealis, curious account of, by Proftffor Gmelin, p. 228. Rufhing noife 
attending that phenomenon, ibid. 229. 


B. 

Bark-Tree , Account of a new Species of, found in the Ifland of St. Lucia, by Mr. 
George Davidfon, p. 452. Koranic character of, by Sir Jofcph Banks, p. 453. If 
undoubtedly a fpecies of the cinchona, ibid. Extract of a letter from Mr. George 
Davidfon, dated at St. Lucia, July 15, 1783, giving an account of its difeovery by 
Mr. Alexander Anderfbn, and its medicinal qualities, p. 454. Mr. Davidion’s 
account of ir, p. 455. Explanation of the plates, p. 456. 

Barker, Thomas, Ef<\. See Rain, 

Barometer, See Rain . * 

Bergman, Profdfor, his computation of the average height of the northern lights, p* 
227. See lei ra Bonderofa, 

MiogtUn, Charles, M. D. See Meteors . 


C, Cm>aUo % 
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c. 

Cavallo, Mr. Tiberius. Sec Meteors* 

Cmtniijb , Henry, Efq. See Air. Was the fir ft who difcovered that the combtxftion of 
dephlogifticated and inflammable air produced moifture on the fidei of the gla ft vefiei 
in which they were fired, p. 33 a. 

Chit tod on Nip nans* See Anarrhtchas Lupus* 

Ctncbona* See Bari- 

Cfap, Profeffor. See Meteors. 

a lifter of Stars. See ConflruHion of the Heavens* 

Cole, Mr. Sec Kings Wells. 

Coma Berenices. See Confruchon of the Heavens* 

Comet , exttad of a letter from Edward Pigott, Efq. containing the difeovery of one, p* 
so. Confufed notions of the ancients, and fome moderns, concerning them, p. 
201. 

. . . Obfcrvations on that of 1783, p. 460. Table of obfervations from Non sg m 

to 26. and Dec. 23. ibid. Night glafs ufed on this occafion deferibed, p. 461* 
Its different appearances at different times, p. 461. Table of obfervarions made by 
Mr. John Goodricke, p. 462. Difcovered on Nov. 26. by M. de Mechain, ibid* 

ConJlruSlion of the Heavens, Account of fome Obfervations tending to inveftigate, by 
William Herfchel, Efq. p. 437. Conttrudion of his lately completed telefcope, 
ibid. Reafons for confidering the heavens as an expanded firmament of three dimen- 
fion?, p. 438. Effcd of applying the telefcope to a part of the Via Ladea, ibid. 
Method of eftimating the number of the ftars feen, p. 439. Examination of the 
nebulx andcluftcrs of ftars lately given in the Connoiftance des 'lemps for 1783 and 
1784, p. 439. Companion of different obfervations of Meff. Meftier and Mechain, 
with thofc of Mr. Herfchel, p. 441. Four hundred and fixty-fix new nebulae and 
duffers of ftars difcovered, p. 442. Nebula and clufters of ftars are arranged into 
ftrata, which feem to run on to a great length, ibid* Double and treble nebulae, with 
others of various ftiapes and lights, obferved, ibid. p. 443. Gaging the heavens 
explained, with its ufe, p. 445. Table ex traded from the gages, by which it 
appears, that the number of ftars increafes very faft on approaching the milky way* 
p. 446* Conjedurcs concerning the motion of the folar fyftem, if the fun be placed 
In the great fidereal lira turn of the milky way, ibid* Circtimftaoces attending the 
dcte&ing of nebular, p« 448. Nebula of Cancer, part of -a ft rat urn, its fituation, p» 
449. Conjedures concerning the extent of the ftratttm of Coma Berenices, 
ibid. 

Cwper, William, D* D. See Meteors. 

Coplty* Sir Godfrey, his medals adjudged, p. viii. 

Cullum, Sir John, Bart* See Frtfi. 


B* Dwtejfap 
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D. 

DavMfm $ Mr* George. Sec Bark-Tne. 

De Gafoex, M. !c Comte. See Machmtt dercftatiegees* 
Di la Platt* Sec Air, Thermometers* 

Double mad Triple Stare* See Herjchol* 


E. 

Edgwortb, Richard Lovell, Efq. See Meteors, 

EUfruity, its near connexion and analogy with meteors, p. *14— *3*, 

Engl(fielJ 9 Sir Henry C. Bart. See Algol. 

Evaporation that it produces cold, and even ice, hat been decidedly cflablifhed by expe¬ 
riments, p. 383. 

Expanjiea. See Thermometer . 


F. 

Falling Stars , obiervations made on them by different perfons at diftant Rations, much t» 
be wifhed for, p. 394. 

Fin-ball, a remarkable one feen all over England, p. 286. See Meteors • 

Fi/bes. See Anarrichas Lupus . 

Fixed Air, is now known to be an acid, and capable of being abforbed by feveral fub- 
ftances, p. 154. 

Fixed Stars , on the Means of difeovering the Diffance, Magnitude, &c. of the Fixed 
Stars, in consequence of the Diminution of the Velocity of their Light, in cafe fuch a 
Diminution fhould he found to take place in any of them, and fuch other Data 
Ihould be procured from Observations, as would be farther neceffary for that Purpofe, 
by the rev. John Micheil, B. D. p. 35. Rules relative to the above fubje&from Sir 
Ifaac Newton, with corollaries deduced therefrom, p. 36—-57, The figure, tab. III. 
explained, p. 3$. et feq. The wcll-defiaed round difk of the fixed Bars, mentioned 
by Mr. Herfchel, is not a real difk, but only an optical appearance, p. 49, See Air, 

-On a Method of defcribmg the relative Pofuions and Magnitudes of the 

Fixed Stars; together with fome Agronomical Obfervations, by the rev. Francis 
Wollaffon, LL.B. p. 181. Reafon forfuppofing there may have been feveral changes 
among the fixed (tars, which we little fufpeft, ibid. Plan propofed to aftronomers for 
producing a Celeftial Atlas, for beyond any thing that has ever yet appeared, Ibid. A 
method of difeovering variations, which when difeovered, or only furmtfed, fhould 
be configned immediately to a more ftrkf inveftigation, p. 182. Manner of pre¬ 
paring a tclefcope for this purpofe, ibid. Card more fully to explain this method, ibid. 
See tab. V. fig. 1, Different Bars muft fucceflirely be made central when any fufpi- 

cion 
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cion of « miftake arifes, p. 185. Bell kind of illuminator defcribed, ibid. Hints to 
aftronomtrs, if a general plan be fet on foot, 187—189. Aftronomical observations 
made at Chiflehurft in Kent, 190—200. On the eciipfe of the moon, July 50, 
1776, p. 190. Eciipfe of the fun, June 24, 1778, p. 192* Eciipfe of the 
moon, Nov. 13, 1779, p. 193* Eciipfe of the fun, 0 &. 16, 1781, p. 194. Eciipfe 
of the moon, Sept. 10, 1783, ibid. Tranfic of mercury over the fun’s ttifk, 
Nov. 12, 1782, p. 197. Occultation of Saturn by the moon, February 18, 1775, 
ibid. Occultation# of flare by the moon, p. rp8. Eclipfes of Jupiter's fttelliicr, p. 
199. Explanation of the figures in tab. V. p. 2 00. 

FlatrjfteaJ, See Algol. 

Profit an Account of a remarkable one on the 23d of June, 1783. In a letter from the 
rev. Sir John Cullum, Bart. p. 416, State of the air when the froft happened, ibid. 
Remarkable elfelh of this unfcafonable fro if, ibid. p. 417. State of the weather 
previous to it, p. 417. 


a 

Gaging (be heavens. See ConferuH'ton of the Heavens. 

Gold, Experiments on mixing Gold with Tin. In a Letter from Mr. Stanefby Alchornej 
of his Majefl/s Mint, p. 463. The general opinion of metallurgies concerning 
the mixture of gold with tin, as expreffed by Dr. Lewis* ibid. Experiments, fhew- 
ing that tin, in fmall quantities at leaf!, may be added to gold, without producing 
any other effeft than what might cafily be conceived, a priori, from the dificrem tex¬ 
ture of the two metals, p. 464—467. Experiments 1, a, 3, 4, 5, with different 
proportions of pure tin and refined gold, p. 464, 465. Experiment 6. to determine 
how far the fumes of tin, brought into coma& with gold, would do more than mix¬ 
ing the metal in fubftance, p. 46 J. Condufions from the foregoing experiments, p. 
466. Experiment 7. to dilcovcr whether the two metals might be more intimately 
combined, and the mafi rendered brittle by additional heat, ibid. Expuiments 8. 
and 9. with mixtures of gold and tin, from exp. 2* and 4. and an ounce of copper 
added to each, p. 467. Experiments to. and u. with equal pans of the iatl mix¬ 
ture and of the bar from exp. 3. ibid. Experiment 12. to examine whether the 
adding of tin to gold, already alloyed, would caufe any difference, ibid. General 
conclulions, p. 468. 

Goodrich, John, Efq. See Algol. Has one of Sir Godfrey Copley’s medals adjudged; 
to him, p. viii* 

H* 


Halley, Dr. See Mettorr. 

Hah } or Raiifatu f uncommon one, p. 9. 

ffanvic}* 
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Harwich See Kin£s Wills. 

Heat* See Air « 

Herjehet, Mr, hit wonderful progreft in the dlfcovery of double, triple, to. p« 
56, The far greater part of which are doubtfcfs fy Hems of fiar* fo near each other 
aa probably to be fenfibly aflir&ed by their mutual gravitation, ibid* See FixedStars, 
Mars, Conflrufitou of the Heavens* 

Hoar frof, why found upon grafa, trees, Sec. when there 2 t no appearance of ice upon 
water, and the thermometer is above the freezing point, p* 380, 

JHumfys, Lieut. See King'* WcUs. 

Humor. See Air. 

Humphreys, Mr. of Norwich, See New Plant. 

Hutchins , Thomas, Efq. Has one of Sir Godfrey Copley’s medals affigned to him, 
pu viii* 

Hutten, Charles, LL.D. See Quadrant. 


L 

lee. See Thermometer, Hoar-froft , Evaporation. 

K* 

Kings Wells, Ddcription of thofe at Sheernefs, Landguard-Fort, and Harwich, by 
Sir Thomas Hyde Fage, Knt. p. 6. Some circumfiances refpeding the garrifons of 
Sheernefs, See. p. 7. Sir Thomas directed to confider how to remedy the want of 
water at thofe places, ibid. Situation in which he found Sheernefs, p. 8. Ditto of 
Landguard~Fort, ibid. Ditto of Harwich and its neighbourhood, p. 9. Operations 
at the well in Fort Townfhend, Sheernefs, p. 10—-t 5. Which were much forwarded 
by the afiiduity of Mr. Cole, Lieut. Humfrys, and Mr. Marfh&ll, ibid. Time of 
beginning and finifhing the work, p. 11. Method of lining the well with wood, to 
prevent the mud’s falling on the workmen from above, ibid, and the filtration of 
the falt-water through the fand, p. 12. Manner of Hopping out the fah-watcr 
entirely, and fecuring the foundation of the works, p. 13. A piece of a tree dif- 
covered 300 feet from the top of the well, p. 14. The bottom of the well blown 
op, and the water rifes forty feet in the bottom of the well, p. 14. Quality of the 
water ibid. Operations at Landguard-Fort when begun and finished, p. 15, Im¬ 
probability of finding freflj-water there, which is difeovered by accident, ibid. And 
is found in great quantities, but at the depth of low-water-mark becomes entirely 
fait, p. 16. Means ufed to remove this impediment, ibid. Conje&urc concerning 
the caufe of the frefb-water, p. 17. Operations at Harwich when begun and finifited, 
p. 18. But little water there, and bad, ibid. A new well funk, and a plentiful 
fupply of frelh-water procured, p. 19, Explanation of the plates, ibid* 

JCtrwatt, Richard, Efq. See Air. 
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Laadguardfori* See Aiag'i JPV&. 

bufimiih how originated, p, 277* 

L&voijier, M. See ifir, Thermometer* 

JLeuws, Dr. See GW. 

Xrfgfe, has a remarkable power ia enabling one body to abforb phlogidon from another^ 
$*147*» Probability that the ole of light in promoting the growth of plants, and the 
ptodudion of dephlogiflicated air from them, is its enabling them to abforb pblogiftoa 
from the water, p. 149* 

Lineat curvaj , Methodus Inveniendi, ex proprietatibus Variationis Cureattrne, a adore 
Nicoiao Landeiheck, Mattel Prnfeff. in Acad. Upfalknfi adjun&o, Pars feciinda, 
(Set Indue to kft volume) p. 477, Theorem* I, ibid. Cor. t* p. 478. Cor. «. 
ibid. Sc hoi 1. ibid. Schoi. 2, ibid. Eaempl. I, p. 480. Exempt • 2. ibid. 
Theorems II. p. 481. Cor. 1. ibid. Cor. 2* p. 482. Cor. 3. ibid. Schol i. 
ibid. Schol a. ibid. Exeropl 1. p. 484. Exempl 2. p. 485. Theorem a III. 
ifoid. Cor. i. ibid. Cor. 2*f* 486. Cor. 3. ibid. Schol. t» ibid. Schol. 2. ibid. 
Eaempl. 1* p« 488. Excmpl 2. ibid. Theorem! IV. Ibid. Cor. p. 4%. Schol. 
ibid. Excmpl. u p. 490. Exeropl. 2. ibid. Exempt. 3. ibid. Exfcmpl. 4. p. 49 r. 

| TheoremaV. ibid. Cor. ibid. Schol. ibid. Exempl 1. p. 492. Exeropl. 2. ibid. 
Excmpl. 3. p. 463. Exempl. 4. ibid. Theorem a VI. ibid. Cor. p. 494. Schol. ibid. 
Exeropl i. ibid. Exeropl. 2. ibid# Exeropl. 3. p. 493. Theorem® VII. ibid. 
Cor. ibid. Schol ibid. Exeropl s. p* 496. Exempl 2. ibid. Exeropl 3. ibid. 
Theorem! VUL ibid. Cor. p. 497« Schol ibid. Exempl i. ibid. Excmpl. 2. 
Theroroa IX. p. 498# Cor. ibid. Schol ibid. Exempl. 1. p. 499. Exerop. 2. 
P» $ 00 * 

Refute of its being mixed with acid*, alkalies, Ac, p. 4T4. Fa& which feems 
ipcad in tjuc&on its being always a roil of <the«s*ft point of fecaration of adds and 
alkalies, p. 42O. See Red CaUage* 

hoed Heat, Experiments to inveftigate the Variation of, by James Six, Efq. p. 428. 
Thermometers made ufe of in thefe experiments, and manner of placing them, in 
September, 1783, p. 42H. Obfervation on she cefelt of this experiment, p. 429. 
Manner of placing them on Dec. 19, 1783, Ibid. Kcfult of the experiment, Ibid. 
Difinropt JMpoMm* of the atmofptere at the time of making thofc cbfemtiems, ’ 
p. 4$P« Vnttobt Ante > of she weather in September, December, aud the 
beginning of January, with kt tdfe&s on the iatruments, $1 430—431. DtfcHp- 
O0« 0 f the valley in which Canterbury cathedral (hrods, near which thefe 
axproiroeotf aecre made, p- 432. Discoveries which may poftbly refok Item 
nxproiroetitf of this kind, $» 433. Table S. of the great*# daily Variatibo of 
Vox.. LXXIV, X x v ' b*k 
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beat and cold in the atmofpbere, from the 4th to the 54th of September, i}*$, 
taken from three different fiations, and compared together, p»435» Table IL of 
the greateft daily variation of heat and cold, from the 20th of December, lytj* m 
the 8th of January, 1784, &«. p. 436. 

Ljcoferdn* See New Plant. 


M. 

Machines Atrrfatiquti, fur un moyen de donaer la Direction tax, par M. Le Comte 09 
Galvez, p. 4^9* ji 

Magellan, M. de. See Carnet . 

Mann, A bbe. Sett Meteors. 

Mats, on the remarkable Appearance! at the Tolar Region* of that Planet, the Inclina¬ 
tion of it* Axis, the Petition of its Pole*, and its fpheroidicat Figure; with a few 
Hints relating to its real Diameter and it* Atmofpherc, by William Herfcbel, Efq. 
p. 23 3. Various lucid fpots obferved on the planet Mar*, with remarks thereon, p. 
235—146. Of the dirc&ion or nodes of the axis of Mars, its inclination to the 
ecliptic, and the angle of that planet's equator with its own orbit, p. 247. et feq* 
Of the fpheroidkal figure of Mars, p. 261. Obfervations relating to the polar flat** 
tening of Mars, p. 26s. Rtfult of the content* of this paper, p. 373. 

Marfi>all t Mr. S tt King'sWell. 

Mmtineau, Mr. Philip Meadows. See Ovarian*. 

Mercure , Obfervations du Paffage de Mercure far le Difque du Soleil k 19 Norembre, 
178a, faites a TObfervatoire Royal de Paris, avec des rctic&iotis fur no effet qtti fe 
fait femir des ces xnemes Obfervations femblabk a celui d'une Refra&ioa dans TAt- 
jpofphere de Mercure, par Johann Wilhelm Wallof, Membrc de TAcademte Elec- 
torale des Sciences et Belles Lettres de Manheim, Sec. p. 312. Rcfultatj du calcul 
des obfervations precedentes felon leurs differentes combinaifocs, p. 314. Table dee 
tefitltats du calcul des obfervations de conta&s et du centre de Mercure* p. 3rq. 
Condition, p. 327. 

Mercurial Cakinatus, and red precipitate nearly the feme thing, p. 144* 

Meebam . See Co/net, CouftruBien of the Hemwu. 

MeJJier. See ConjtruBiou of the Heavens. 

Metals, taro methods of calcining, p. 172. ^ 

Meteorological Journal for the Year 178a, kept at Miuehead in Somerfet&ire, by Sir, 
John Atkins, p. 58. Defcription of the inffroments ufed, tad explanation of the 
table*, p. $9. Journal for January, p. 60—63. For February* f* 64—67* For 
March* p* 68—72. For April, p. 72—75. For May, p. 76—79. Far Juueyy* 
9 o-** 8 j. For July, p. 84—87. For Auguft, p. 88—91. For September, 
92—95. ForOOober, p. 96—99, For November, p. 200—103, For December, 
f» 104—107* 

4 < Msteon> 
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one obferved AoguH *8 f *7®}, by Mr. Tsberioe Cavtlfefe 7. 

" *08. State Of the weather, and lunation of the meteor, ibid. Its coerce, direftion. - 

- «rf duration, p* 109. Acquires a tail, parti iota fereral fmall bodies with tails* and 

- dt (appears, p. no. A rambling noife heard after ks di&ppearance, ibid. Con- 
jeftnral calculation of itadiftance, altitude, courfe, Ac. p. tit. 

Account of thofe of the 18th of Auguft and 4th of Oftober, 1781, by 
. Alexander Aubert, Eftp p. 112. Method he took to be *bfe to give a perfect aecouut 
of it, ibid. Time of its appearance, and Hate of the heavens, p. 11 a. Manner of 
, the firft appearance of that Of Augull 18, and its different changes* p. it3. Its 
magnitude, ibid. Its duration, and length of its courfe, p. 114. Its fuppofed alti¬ 
tude, ibid. Appearance of that of Oft. 4, ibid. Its courfe and variety of 
appearances, ibid, p. 115. Time of appearance, ibid. 

> — ■ *"* * Obfcrvations on a remarkable one (ten on the 18th of August 1783, by Wil¬ 
liam Cooper, D. D. Archdeacon of York, p. 116. State of the weather and atmo- 
fphere, ibid. Sulphureous vapours obferved previous .to the appearance of the 
meteor, ibid. Its courfe, ibid. And altitude, p. 117. Its divifton into feveial balls 
of fire, followed by two loud explofions, ibid. 
mm—~- Account of that of the 18th of Auguft, 1783, in a letter from Richard Lovell 
Edgeworth, Efq. p. 118. Its time ot appearance, ibid. Its fixe and duration, ibid. 
Was twice eclipfed, ibid. 

An Account of fome late Fiery Meteors, with Obfemtions, its a Letter fiom „ 
Charles BJagden,M. D. Sec. R. S. Phyfician to the Army, p. aox. Different names of 
thefe meteors among the ancients, ib. See Comets* General appearance of thatoi the 
18thof Auguft, 1783, p. 20t, Its path described, p. 103. Different fhapes to which 
it appeared owing to the different points of view in which it was feen, p. to;. Was 
pot always of the fame magnitude and figure, ibid. Different fhapes of meteors 
accounted for, p. 206. Burft, and feparated into fcveral fmall bodies, ibid. Seems 
to have undergone other explofions before it left our ifland, and alfo upon the conti¬ 
nent, p. 207. The extinction of meteors by fuch explofions doubtful, ibid. The 
great change in this correfponded with the period of its deviation from irs courfe, 
with remarks thereon, p. 207. Obfcrvations on the light and colours of thefe meteors, 

* ibid. Time of its greateft luftre, p. *08. And on its height, with the method of 
taking it, p. 209. EHimations of the altitude of that of Auguft 1 8, by different 
perfons at different liruations, p. 2 1 r— 21 3, Obfcrvations on the nozfes attending and 
following thefe meteors, which, by (baking doors, At. is frequently miftaken (or an 
’ earthquake, p, *t$* Its enormous bulk, p. 216. In duration differently Hated* 
aid why, Mad. The periods of its duration arc raoftly by guefs, and why, p. 117* 
Its aftonifhing velocity, p. a 18. Account of the HrC'ball which appeared Oft. 4, p. 
019. Difficulty of accurately determining the direftion of Its courfe, ibid. Dif¬ 
ferent opinions about it, p« aaor Its hdght, ibid,. Its ibid. Its duration and 

Xu; * * velocity! 
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vetoeity, fit, A~ fitruJafr tht afpfctttd tbfc Mi d*y f 
,defcribc fttort iilvoM fblr csfcalit% *• veto<k**wt 

determining thi fcfcigbt, ibid. R«fe&io*i on flit of MN&aftrs, «&>&&***# 

opmi on* coneerH fo g tfrcffi, p» tat. Dr. Hrttey's bypetfctfis* ibto 
feflbr Clap, of Yale.Cbtfege, New tttgiatod, p. fl^ String xstyettSeft to fell hypo¬ 
thecs* Ibid, thi Fulling Stars, EUdriciy* Mr. Robiofou^t account of axiefee* at 
Hindtfey ftt Leicetterlhtre, 0 &. t6> 176b, p. 225. Gmoni optical 
by the Abbe Mann, p. *16. See Aurora BureaSt. \ 

Aimer*, *n Account of that of Aoguft 18, 1)85, to adeem Htwit Owtitoon ntear Yolk, 
su a letter from Nathaniel Pigott, Efq. p. 457. Its fitft apptaranet, p* 457. Fig. 
1. tab. XX. explained, ibid. Its motion, p. 458. Fig. a. explained* ibid. Its 
apparent diameter and altitude, ibid. Deration, ibid. Diftance and altitude at its 
eximfhon, p. 4$$* 

Jtff tbtlly tcv, John, 8. 1>. See Fitted Stitts* 

Mitty tray. See Fia La&t*. 


N. 


Nebula. See Cau&ruMit* wf tin r Htee&tus* 

New Plant, an Account of one, of the Order of Fungi, by Thomas Woodward, Rfq. 

% p. 4*;. Genencal description, tbiJ. Manner of its firft appearance, which rendem 
it difficult to detect it in usearked date, ibid. Its rapid progref* to its prrfed ft*«, p* 
424. I irit difeovered by Mr. Humphreys of Notwich, ibid, is not the Agaricus 
procerus, p. 4x5. Approaches nearly the geatts Lycoperdon, p. 4 46. B^nts which 
have ail fome affinity with the fructification of this plant, ibid* Comes fcequemly to 
a date of perfection before it leaches the fur face, p# 417. * 

O. 

Ovarium, An extraordinary Cafe of a Dropfy of, by Mr. Philip Meadows Martineau, 
Surgeon to the Norfolk and the Norwich Hofpital, p. 471. Age and condition of the 
patient at the beginning of the diforder, ibid. Her deplorable appearance afterwards, 
ibid. Swelled to an amazing fuse, p. 472. Continuance of her diforder, ibid* 
Number of times fhe was tapped, and quantitity of water drawn off at each time, 
ibid. p. 474* Comparifon of her cafe with that of Lady Page, related by fir. Mead* pw 
474. Seat of the diforder, and date of the vifeera, on difle&ioo, p* 4p|, Redeem 

tiona on the whole, p. 476. f 

1 

i 

P. 

P.jr*’, Sir Thoipa. Hyde, Kot, See JTnj’j Wills. . 

ntkit Vmt t what, p. ij-j. 
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Be tiger. ' 

PUtgifif, $M Jftv 
fttfbnk Bee Air. 

P’i'Mtf Edward, Efij. See Comet. 

Nathaniel, Efq. Seelfo«r,, 

'Mkmtjp. ■ to Air. 

mot, p> jou 
Dr. See 


%*»«, IPMfeAfere new Drrifion of, by Charles Hatton If r* 

Zsi?**.** -»■•* i. «o IJTS; 22; p, ; K ^ 

ftn^wtete.vetorhi.ptojea explained, p. 23 l u . ' ** ***** P* «• 


*** ** *»* itaTsT r ; X r T.r'f t Ra5n ’ M tynd ° n * 

Iwemebg to the end of t#*t year, p. ,8 4 ~,L * $ ° f ,h * WMk ' r *■* lh ' 

Jtmmbnv* See i &fe . * 

fawtiheB the be& **& mJ 2* r^- * . 1 

—A*^ '•'•Wb™, 

4 *t- Sec VtaUti. * virtue* wh.lft kept m a liquid fete, p. 

^ Pre^toW. See Mtrtmiig c«Icitalus, 

&*¥*, Mr. SeeJ iomtrt. 


SciHlrf W, See Air, 

. ofethe Diflwteoof tkei/ft'onhe^*^ Z'JJ “ * *****&Mt Fusion 

«»*«*, or a,, m.,:,J cLitr **"* **• a «- 

$ee4%VJr<*. “"S-watta, p.* 79 . 

M Efq. See '''■' 

**&***• etc 4r* 

**• ■ 


Te f«y|, 
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T, 


Tea Ih See Anaeehkhas Lupin* 

Ttltfeopt* See CorfhuHkn of the Heave as* 

terra Ponderofa, Experiments and Obfcrvat!on$ on, by William Withering, M. D« t* 
.^93. Terra pondcrofa abrata, its conflituent parts, ibid. ProfefTor Bcrgmaui con¬ 
jecture concerning it, p. 194. Its more obvious properties, ibid. Experiments on, 
p, 295— 297. Couclufions therefrom, p. 29S. And obfervations thereon, p. 

298—502. 

7eji Liquor, on a new Method of preparing one to fhew the Prefence of Acids and 
Alkalies in chenrifal Mixtures* by Mr. James Watt, Engineer# p. 419. Syfop of 
violets was formerly the principal tell 0/ the point of faturation of mixtures of acids 
and alkalies, ibid. The infudon of tournefol, or of a preparation called litmus fince 
fubftituted in its ftcad, ibid. See Litmus t Red Cabbage, Violets, 

Thermometer. Sec Rain. An Attempt to compare and conned the Thermometer fo 
llrong Fire, deferibedin Vol. LXX 11 . of the Philosophical Tranfadions, with the com* 
won Mercurial ones, by Mr. Joffah Wedgwood, F. R. S* Pot'er to Her Majefty, p. 
358. Thedefign of the experiments recounted in this paper explained, ibid. p. 339. 
The three firft figures of tab. XIX, explained, p. 359. Means employed for obtaining 
an intermediate thermometer, ibid. The fpecies of gage ufed on this occafiiott ex* 
, plained by a representation, p. 360. Caution to beobferved in meafuring the expan* 
£011 of bodies, p. 361. Eflcntial requifites of the matter proper for the gage, p. 
36,. Tobacco-pipe clay and charcoal why preferred in making it, ibid. Method 
of afeertaining a fixed point on the fcale for the divifions to be counted from, p* 363. 
Method of taking the boiling heat of water, p. 364. And that of Mercury, p. 365. 
Fig. 4. explained, ibid. Difficulty of obtaining the higher degrees of heal, with 
Mr* Wedgwood’s thermometer, and his method of performing it, p. 366. Com pa* 
rttive degrees of the different thermometers, p. 368. Table of a few principal points 
that have been afeertained, to fhew their mutual relations or proportions to each 
other, p. 370. Scale* of the utmoil limits of heat hitherto attained and meatfured, 
ibid. 371. Obfervations on Me£ Lavoifier and De la Placed method of mcafimng 
heat by the quantity of ice which the heated body is capable of liquifying, p. 37z. 
Machine for determining the progrefs of liquifying ice, by expofing it to a warmer 
mtmofpbere, p. 372. Experiment for afeertaining that ke, how cold foever it Way 
l>e, comes up to the freezing paint through its whole auft before It bergms to liquify 1 
on the furf.tce, p. 373. Experiments ro afeertain the abforbing power b?* foe, Ibid* 

374. Apparatus (fig. 6. tab. XV.) for ufntg ice in tKefe experiments p. 

375. Refulis of various experiments, p. 376—379. See Htarfrqft* Thefreezing 
of water is attended with plentiful evaporation itx a tfofe^s well as Itt *if bpeh vilfel, 
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t,f8i« Remarkable drcumftance* in die coaling of ice (fee p. 377.) on the ootfid* 
«f tbe throat of the funnel, p. 382. 

SeeGoV. 

Tta+ejeL S ttT^fLiqmr. 

V. 


LaAeOff or Milky Way# Sec Cenjlrudion of the Moment. ConjedlarC concerning it, 

* P* 44 T~ 447 * 

method of making a red infufton of, which forms a very fenlJble teftt© Jhew the 
pilfcnce of acids and alkalies in chemical mixtures, p. 423. 


W# 


Wallet, Johann Wilhelm, Sec Mtrcuro . 

Wiring, Dr. Edward. See Set its. 

Warltire, Mr. See Air. 

Water. Sec Air, 

Watty Mr. See Air, Tefi Liquor, 

Wedgwood, Mr. Jofiah. Sec TJ*ermometer. 
Withering^ William, M. D. See Terra Ponderofit. 
Wollaflon, rev. Francis, LL.B. See Fixed Stars. 
Woodward) Thomas, Efq. See New Plant. 
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errata. 

VOL. LXXIII. 


Page. Line. 

478. 18. for blighter read lefs bright 

VOL. LX XIV. PART H. 

289. 8- fr the read thofe 

290. 11. Prather 

291. 8* for the read thefe 

329. 7. for 1784 read 1783 

341. 23. fa , firfi, read fixed 

342. 12. for than read that 

345, 1. after from infert their 

365. II. for I read K 

In plate XIV. fig. 2. the letter a fhould be infertedat the bottom, 
and the letter & at tjie top, of the dotted interval 19I, in the 
fame manner as the letters c and d at the two extremes of the 
dotted intervals in fig. 3. 

In plate XXI. fig. 2. at the lower angle of tbe diagram, in feme 
copies, the letter K (lands by-niiftakeiaftead of H. 
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